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PREFACE 


The first comprehensive symposium or the practical application of Earth resources survey data w« sponsored by 
the NASA Headquarters Office of Applications from June 9 to 12, 1975, in Houston, Texas. The Lyndon B. 
Johnson Space Center acted as host. 

This symposium combined the utilization and results of data from NASA programs Involving Landsat, The Skylab 
Earth resources experiment package, and aircraft, as well as from other data acquisition programs. 

The primary emphasis was on the practical i-ppllcations of Earth resources survey technology of interest to a large 
number of potential users. Also featured were ’scientific and technolo^cal exploration and research investiga 
with potential promising applications. 

The opening day plenary session was devoted to papers of general interest and an ove^iew. The following 214 
days were devoted to concurrent discipline-oriented technical sessions and to three special sessions covering State 
and Local Users, Coastal Zone Management, and User Services. Tliese special sessions were structured to provide 
governmental and private organizations with a comprehensive picture of various applications in the 
fmplementation of remote-sensing data use in their own programs. The concluding day was a sunarnary 
state, international, and technical session papers, stimmaries of significant results from special and technical ses 
and an overview of Federal agency and international activities and planning. 

Volumes 1-A, l-B, 1-C, and 1-D contain the technical papers presented during the concurrent Msslons Virtume ll-A 
contains the opening day plenary session and the concluding day summary sessions. Volume II-B contains s^*-'**! 
*slions. VoluL II! contains a summary of each session by the chairman and «sslon personnel and pro^s an 
overview of the sign> nt applications that have been developed from the use of remote-sensing data. Volume III 
also includes the conclusions and needs identified during the individual sessions and workshops. 

This book consists primarily of edited transcripts of verbal presentations and audience Interaction. As much as 
possible, all contributors were given an opportunity to review their transcripts; however, some final editing was 
Accessary to achieve clarity and a uniform format. Editing guidelines also included preservation o leach author s 
terminology and individual style, .••msidcred by the coordinator to be an integral part of the reports. Care was take 
to retain X meaning and emphasis; however, where any inadvertent alteration may have occurred, the coordinator 

assumes full respimsibillty. 

Opinions and recommendations expressed In these rcimrts arc those of the session menibets and do not 
necessarily reflect the official position of NASA. 

Olav Sinistad 
Symposium Coordinator 







f 

f 

l'- 


Earth Resources Survey Symposium 


PROGRAM COMMITTEE 

Charles W. Mathews, t .ASA, Ch;»irtnan 
Joseph Carlson, Public Technology. Inc. 

Dr. John DeNoyer, U.S. Geotogical Survey 
Dr. M. Frank Hersman, National Science Foundation 
I Daniel J. Fink, AIAA, Space Applications Board (NRC) 

Harold Finger, General Electric Co. 

] Dr. Stanley Freden, NASA 

Willis Hawkins, Lockheed Aircraft Corp. 

Russell R. Schweickart, NASA 
Pitt Thome, NASA 



SYMPOSIUM COORDINATORS 

JOHNSON SPACE CENTER 

Olav Smistad and Edward 0. Zeitler, 

Earth Resources Program Office 
OFFICE OF APPLICATIONS 
Dun Richard, User Affairs 


ADMINISTRATIVE SUPPORT 


Industrial Economics Research Division 

Texas A. & M. University 



r 



SESSION LEADERS 


AGRICULTURE 

(Includes /Agriculture, Forestry, Runge Resource In* 
ventory and Mansgecnent) 

Richard Baldwin, Chaknum 

( argilK Inc.. Minneu^rotis. Minn. 

James Murphy 

U.S. Depart mcm ol Agriculture. Agricultural 
Slublli/ation and Conservation Service. Houston. 
Tex. 

Ryborn Kkby 

NASA Lyndon B. ioliiison Space (’enter. Houston. 
Tex. 

Kenneth Suit 

NASA Lyndon B. iiihnsoii Space Center. Houston. 
Tex, 

ENVIRONMENT 

lEnvkonmtAiai Suiveys and Appiicalionsl 

Kessler Cannon and Ronald Myles. Chaknien 
Department of Envirimmental Quality. State of 
Oregon. Purlland. Orcg. 

Dr. Ralph Shay 

Oregtui State University. CorvaUls, Oreg. 

Dr. Lawrence Greenwood 

NASA Langley Research Center, Hampton. Va, 

Howard Curfman 

NASA Langley Kescarcli Center. Hampton. Va. 
GEOLOGY 

I Includes Gcologicat Siruccive. Landform Surveys. 
Energy ^n.i Extractive Resources) 

Dr Floyd Sabins. Chairman 

Clievrm Oil Held Kcscarcli Co.. La Habra. Calif. 

Dr. Larr/ Rowan 

U.S. IX'parlmcnt of the Interior. U.S. Cicologkal 
Survey Reslon.Va, 

Dr. Nieholns Sheirt 

NASA (uHidard Space l ligin Ccntci, Circcnhcll. 
Md. 

Robert Stewart 

NAS.A Lyndon B. Johnsmi Space ('enter. Himston. 


INFORMATION 

(Information Systems and Services) 

USER SERVICES 

Dr. David Landgrebe. Chaknwn 

Purdue University.' I ahiUiitory lor Applic;ition!i of 
Remote .Sensing. West Lilayctte. Ind. 

leny PhlHips 

Purdue University/ 1 ahoratoiy tor Applications of 
Remote Sensing. West I alayctte. hid. 

Tinnithy While 

NA.SA I yndon H, ioliiiMMi Space (’enter. Ilmistmi. 
IcX- 

(iffald Kenney 

NASA I yiidt n H Johnson Space ( entef, Houston, 
lex. 


LAND USE 

(Includes Rcgtonal Planning) 

STATE/LOCAL 
Charlei Parrish, IllXhalmum 
Dcparinicnt of Natural Resources. Slate of 
Georgia. Atlanta, Ga. 

Charles Meyers 

U.S. Dcpartiuem of Interior. OfHcc of Land Use 
and Water Planning, Washington, D.C. 

Dr. Armond Joyce 

NASA Lyndon B. Johnson Space Center, Earth 
Resources Laboratory, Bay St. LouU, Miss. 

Robin Rowley 

NASA Lyndon B. Johnson Space Center. Houston, 
Tex. 


MARINE RESOURCES 

(Includes Marine Reaouroes, Ocean Surveys) 

COASTAL ZONE MANAGEMENT 

Senator A. R. (Babe) Schwarts, Chairman 
Texas State Senator. Galveston. Tex. 

John Shermnn, III 

National Oceanic and Atmospheric Adminiaira* 
tion. National Environmental Satellite Service 
SP(X’ Group, Washington. D.C. 

£. Lee Tilton, 111 

NASA Lyndon B. Johnson Space Center, Earth 
Rev)urcc$ Laboratory. Bay Si. Louis. Miss. 

WilUam Stephenson 

NASA Lyndon B. Johnson Space Center, Houston, 


WATER RESOURCES 
(Water Resources Maniigeinent) 

Dr. Dnryl Simons. Chairman 

Colorado State University. Fort Collins. Colo. 

John Tectkik 

Btmkman Edmonston. Inc.. Sacramento. Calif. 

Dr. Vincent Salomonaon 

NASA (ioddard Space Flight ('enter, (•rcenhelt. 
Md. 

Raymond Clemence 

NASA Lyndon B. Johnson Space ('enter. Ih^ston. 
Tex. 




‘I , 


1 


Contents 


VOLUME ll-A 
Q«nerat Saniom 


INTRODUCTION 

Nelson A. Rockefeller, Frank E. Moss, Christopher C. Kraft, Jr„ 
and Charles W. Mathews 


OVERVIEW 
Wemher von Braun 

REMOTE SENSING AND APPLIC,* HOMS 
William Stoney 

,\LL YOU EVER WANTED TO KNOW ABOUT REMOTE SENSING 
D. Wayne Muoneyhan 

APPUCATIONS OF EARTH RESOURCES TECHNOLOGY TO HUMAN NEEDS 
Caspar Weinberger 

DEPARTMENT OF THE INTERIOR PROGRAMS 
Janies R. BaIsley 

U.S. ARMY CORI‘S OF ENGINEERS fw 5RAMS 
John Jarman and K. E. McIntyre 

THE LARGE AREA CROP INVENTORY EXPERIMENT (LACIl ? 

I. THE USE OF I.ANDSAT DATA IN LAtlE 
R. B. MacDonald, F. G. Hall, and R, B. Erb 

II. YIELD ESTIMATES FROM METEOROLOGICAL INFORMATION 
Paul J. Waite 

III. A SYSTI-MATIC APPROACH TO THE PRACTICAL APPLICATION OF 
REMOTE SI-NSING TECHNOLOGY 

Jimmy D. Murphy and Raymond I. Didcriksrn 

INTERNATIONAL ASPIX'TS 01 EARTH RESOURCI-S SURVEY PROGRAMS 
Arnold W. I'tutkiii 

FUTURE REMOTE SENSING PRfXJRAMS 
Russell L. Schweickarl 


vii 






Summary Seuioni 


PaflB 


agriculture 

SUMMARY 
Richard Baldwin 

agricultural applications of remote SENSING: A TRUE-UFE ADVENTURE 
Eatie S. Schaller 

GEOLOGY 

SUMMARY 
Floyd F. Sabins, Jr. 

A SEARCH FOR SULFIDE-BEARING AREAS USING LAMDSAT-1 DATA 
and DIGITAL IMAGE-PROCESSING TECHNIQUES 
R. G. Schmidt, B. B. Clark, and R. Bernstein 

INFORMATION/USER SERVICES 

SUMMARY 

David Landgrebe 

LAND USE/STATE AND LOCAL USERS 

SUMMARY 
Charles M. Parrish, III 

PRESENT AND POTENTIAL LAND USE MAPPING IN MEXICO 
Hictor GarduSo, Ricardo Garcfa-Lagos. and 
Fernando Garcfa-Simo 

A LAND USE MANAGEMENT INFORMATION SYSTEM IMPLEMENTED IN 
LOS ANGELES 
Charles K. Paul 

WATER RESOURCES 

SUMMARY 
D. B. Simons 

REMOTE -SENSING APPLICATIONS TO WATER RESOURCES 
MANAGEMENT IN CALIFORNIA 
Barry Brown 


83 

88 


99 


112 


123 


129 

133 


146 


151 


161 


vlii 


VOLUME H'<B 








Coastal Zona Managomont 

C-l STATUS OF COASTAL ZONE MANAGEMENT TECHNIQUES 
E.Uc Tilton. Ill 

C 2 PANEL: INFORMATION NEEDS ~ PERCEIVED AND REAL - 
FOR STATE DECISIONMAKERS 
A. R. (Babe) Schwartz, Chris Spirou, William Kier, 
and Michele Tetley 

C-3 APPUCATIONS OF REMOTE-SENSING TECHNOLOGY TO ENVIRONMENTAL 
PROBLEMS OF DELAWARE AND DELAWARE BAY 
D. Bartlett. V. KIcmas, W. Philpot, and R. Rogers 

C4 CAUFORNIA NEARSHORE SURFACE CURRENTS 

Douglas M. Plrie, Michael J. Murphy, and J. Robert Edmisten 

C-5 SOUTH LOUISIANA REMOTE-SENSING ENVIRONMENTAL INFORMATION 
SYSTEM 

J. Paul Gordon, Robert H. Schroedcr. and Robert H. Cartmill 

C*6 REMOTE MEASUREMENT OF SHORELINE CHANGES IN COASTAL ALABAMA 
C. Daniel Sapp 

C-7 REMOTE -SENSING .APPLICATIONS AS UTILIZED IN FLORIDA’S 
COASTAL ZONE MANAGEMENT PROGRAM 
David R. Worley 

C-8 ENVIRONMENTAL ASSESSMENT OF RESOURCE DEVEIOPMENT IN THE 
ALASKAN COASTAL ZONE BASED ON LANDSAT IMAGERY 
A. E. Bclon, J. M. Miller, and W. J. Stringer 

C-9 COAST GUARD/NOAA/N ASA GREAT LAKES PROJECT ICEWARN 
T. D. Brennan and R. T. Gcdney 

C-10 OILSPILL SURVEILUNCB, DETECTION. AND EVALUATION BY 
REMOTE SENSING 
Dtmald R. Jones 


State and Local Unrs 

SI INTRODUCTION 

Charles M. Parrisli, III 

S-2 REMOTE SliNSING APPLICATIONS IN THE SI ATE OF MISSISSim 
P. T. Bankston 


Paga 

173 


176 


188 

195 


217 

224 


232 


242 

261 


271 


2«2 


S-3 INFORMATION FLOW OF LAND- AND WATER REUTED DATA IN THE 
STATE OF WISCONSIN 
Allen II. Miller 

S-4 REMOTE SENSING APPLICATIONS FOR TEXAS 
John Wells 

S-5 REMOTE SENSING IN ARIZONA 

Carl C. Winikka and Robert E. Adams 

S-6 ALASKA’S NEEDS IN REMOTE SENSING 
John L. Hall 

S-7 USER REQUIREMENTS FOR PROJECT ORIENTED REMOTE SENSING 

H. C. Hitchcock, F. P. Baxter, and T. L. Cux 

S-8 LOUISIANA COMPREHENSIVE PLANNING INFORMATION SYSTEM 
Patrick W. Ryan and Ed Schwert/. 

S-9 REMOTE SENSING IN MINNESOTA : EVALUATION OF PROGRAMS AND 
CURRENT NEEDS 
J. E. Steer 

S-IO REMOTE SENSING IN THE STATE OF OHIO 

I. PUBLIC POLICY 

Paul Guesling 

II. SYSTEM DEVELOPMENT 
Frank Leone 

S-! I THE USE OF SATELLITE DATA l OR RIGIONAL PLANNING 
A. H. Ilcssliiig and Timothy G. Mara 

S I2 POLICY IMPLICATIONS IN DEVELOPING A LAND USE 
MANAGEMENT INFORMATION SYSTEM 
Albert J. Landini 


User Services 


U I RI-MOTE SENSING. A SKETCI I 01 THE TECHNOLOGY 
David L; ildgrcbc 

U-2 DATA AVAILABILITY AND Till; ROLI; OF THE I;ARTH RESOURCES 
OPSI.RVATION SYSTI-MS DATA CENTliR 
Allen II. Watkins 


■set t ^ t# *•« a t ' 

ni\it'v\>ir<Ki KLivuM r. 
John C. Liiidcnlauh, 


SEN.SINi» TiiCliNtH.OiiY TO i Hi; USER (’CiMMUNi i Y 
Shirley M. Davis, aiul Douglas B. Morrison 


F'^ae 

291 

207 

300 


315 


310 

326 


340 

35 1 

351 

352 


356 


3.50 


3(>; 


.372 




V 


'»Ni'ei2«e4T 


i. 




COASTAL ZONE MANAGEMENT 


C-1. Status of Coastal Zone 
Management Techniques 

k\ Lee Tilton. U!^ 




I shall try to describe some technical aspects of 
marine resources and coastal /ones, and I hope we will 
begin a dialog that starts relating some of our technical 
capabilities to some of our needs. Let me begin with a 
definition. The entire area that we are discussing is 
included in a discipline called marine resr trees. Marine 
resources really means everything in the oceans and 
coastal zones that pertains to water liaving any 
detectable salinity* or salty water. It includes physical, 
chemical, and biological processes; both dead and living 
organisms; and just about everything off the coast and as 
far in from the coast as that saltwater miglit affect 
occurrences on land. That is the coastal scone, which we 
are going to work up to. My purpose here is to present a 
very nontechnical description of the tccliniqucs tliat arc 
in development, the potential techniques that we have 
coming along to help solve some of the problems. Wc 
hope that u number of you in the management business 
or the political business will think along with us ttJ try to 
start relating U) each other because, as technologists, wc 
have learned that we really must communicate with tlie 
people who need the information while wc arc 
developing the tccliniqucs. 

Wliat do wc really want to know in murine resources? 
Wc want to know what makes the harth tick the iluid 
part of the liarth not llic hot part in the center, but 
the cold part on the surface. We need information, wot 
just data, in a form that people who are trying to make 
decishms can use. Stmic of tlic tecliniqnes for obtaining 
such iniormalion arc not very well developed; they are 
just ill their infancy. Others are ready to he. at least, 
tested or very nearly so. Til try to point that out. 


We will proceed from a technique development 
situation Into an application situation, which is the 
coastal zone business. I would like tO suggest an 
approach to provide some continuity. Some of you have 
read the book by Desmond Morris called ‘The Naked 
Ape.” I believe he had an interesting approach in trying 
to look at the behavior of the human being. That is 
really what we want to do* to K>ok at the behavior of 
the Earth. Morris suggested that if you walked into a 
room and saw a human corpse on a dissecting table, and 
that was the first time you had ever seen a human being, 
analysis would be difficult. How would you decide what 
made him look like he diKS and so on? 

I suggest that we do the same thing here. Let's hack 
off fiom the Earth and approach it much as a space 
traveler would and sec where wc get. I guess tlic first 
thing wc would look at is the shape. It is round 
obviously, but is it really round or is it not quite so 
round? Wc have some measuring techniques that arc 
impcKtant right now scientifically, but as these 
techniques arc developed and applied, they will become 
very important with regard to navigation. Wc arc talking 
about measuring the very minute changes in the shape of 
the Earth. We would like to do that to an accuracy of 
about 10 centimeters. That is pretty fine, hut that is 
what wc need to do lt> improve mir present day 
navigation systems, whlcli will help our transportation 
atid our prediction of tides. I llunk we all have a pictty 
good feel for the Importance of all that. 

If we now descend in our spaceship to a lower 
altitude, wo become more aware of tlv' true shape of the 
Earth. What diics It IimA like right at the surface? Is it 


*NASA I aMli Rc<oiifie< I aboratofy. Way SI. 1 MMssippi. 
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rough or il have waveV^ Huh it an 

atmosphere? Docs the wind biow? Which way is U 
blowing? We wouli certainly like Ut know about the 
wind. Again, the applications arc ht the area of wcatlier 
prediction 4itd transportation to make our 
transportation routes more cfllclent* We have Hontcthhig 
that Is starting to hM>k promising ioi* meusiiring wind 
direction. We have established a lelatloiiship between 
windsiteed and some parameters called apparent 
tcinpcruturc and scattering coefrieients. The more we 
learn about such parameters, the more we are going to 
be able to remotely measure things like wlndspecd, 
which we can ihcii use as infortnation to solve other 
kinds of problems. We can also start to determine wind 
direction, and that is also very important, even to you 
people who like to go sailing on the lake. 

We arc on the surface now, and we see that if we had 
some techniques, we could learn a Utile more about 
what is happening on tlic surface of this Uarih we are 
trying to understand. We might note, if we have the right 
sensors, that some parts of the ocean arc ciHiler than 
others. We have teclmiqucs for actually taking a picture 
of the temperature of the oceans. Why do we want this 
information? Well, we can stun talking ahotit I hernial 
effluents from powerplants and the relationship of 
temperature in tlie ocean to the munagement and 
assessment of our cuminercial fish resources. We can 
start talking jout current boundaric:; and whicli Wiiy 
the ocean are circulating. Those are important data. 
What is me status of the (ccliniquc? it is w< \ dcvelo|>ed. 
We can measure temperature from aircraft or satellites 
probably to within l“ C. Thus, wx* have learned a little 
bit more about the surface. 

Another parameter of interest for which we have 
limited kn%iwledge b circiilalioii. Water circulation is of 
obvious linpurtunce because of its relationship to 
transportation, to distribution of nutrients around tlic 
Lurth. to commercial fisheries, to sediment transtmrt, 
aiui so on. Those are ail important factors in nuiking 
decisions. We arc trying to develop remote^sensing 
techniques U, tucusure circulation, but we don't want to 
oversell these techniques. Although we can iiirei some 
facts about circulation, we cannot ineasuie it diicctiy. 
Why is circnialion important? Again, we can gti hark to 
the cfllueitts. Where is an acid dump going to end iq>? 
How is sand transported along iiic sliores? 

Another iiii{>ortant parameter for getting ti> know 
this harth a little hit better is etdor. While we ute silting 
on this hig ocean and moving around the ocean, we 
niighi also notice that snnietiiiies the color varies when 
we gt» from one place to another. (\»h>rs are i;iiher 
strange, hrankly, color b our imv-t pii//.iiiig piohlem 


right now. Such ^actors us the physics, the chemlMry, 
and the biology of the ocean all influence the coUk. 
Unfin iunulcly, we cannot see color through ^^kmds. We 
must pcisevere with tills proldem. We must try and try 
again; and we are making priigress, slowly hut surely. 
Ihcrc are some qualituilve things we can do right now 
with color. We can relate it to the distrihutum of Usher 
in some cases; and sometimes, we cun see through the 
water to determine wliat is under it. 

That leads me ti^ my next step here in this tour of the 
liarth. We iniglit even took below the water and find that 
there arc little things down there. Tlierc are 
phytoplankton, zooplankton, and tlsli s .iinmitij 
around. In our survey of what makes the l*lanh tick, we 
would certainly like to remotely measure some of these 
things that are under the water. The things that irak? 
water so enigmatic, as op|K>sod to land, are that :t is 
dynamic and three dimcnsiuivil. Wh^i .* >ook at the 
water, wo see the effects ol l5:*i fh;ec-diinensional 
environment; and we. w^iuld like to have information 
about tlic third dimenstop frinn the depth. We even 
liavc some techniques undci development that nrght 
help us to do that. This area is very important to the 
commercial tlslierics people. (!old water coiniiig up from 
(he dcptiis of flic ocean lends to provide the right 
enviromnciii for phytoplankton to grow and bloom, to 
feed small fish that feed larger fish, if we can measure 
things tike phytoplankton by looking at water color, 
then We might be able to predict productivity and 
availability of some of the cominerciat and sptirts tlshing 
resources. We might even move closer to the coast and 
take a look at what the s|n>rtsnien do and what they 
woriy about. We also worry about the sportsmen; we are 
Cimeerned alKUri liow quickly tlic'y cun tlnd tisli and 
where they can find tiimn. I atn sure that,. scicntitically, 
the nature of the gainedlsh distribution will reveal oilier 
facts about living maiim^ resources. If we do enough 
ex|>criments, then we can Marl to mulcrstand liie 
relationships bolwccii the fish and the enviionmental 
parameters (hat we can nuMsnre. We arc not going to 
timi fish from satclliios, Inn we can measure the other 
parameieis. If wx* km*w eiiougu abmit those 
relationships, we can tell what the fish are doing. 1 hat is 
an iiifetcnce leciiiiiqne. 

Let me digress and talk about something tfuil is 
impmlant when we colled any kind of data on the 
oceans. We slalcil that the ocean is dynatnic ami that it 
varies llirec dimensionally and with lime. The timelirie.ss 
of data is iin|H>rtanl. People are going, to make dccisicms 
based on iiifoimation lhal we give them, and tliey must 
have the informatioii in a timely fashion, (‘otidilitms can 
change overnight; llinvforc. il is imporlain that we get 
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i\u> data quickly. Wc are working on those problems 
also. 

Let us go a bit neater the coast and tallc about 
bathymetry. That is important also because of the 
transportation problems, the presence of shoals, and the 
relationship of water depth to some living marine 
resources. We can start with some accuracy measuring 
the depths of the water. 

We will continue on our journey a little closer to 
shore and find that as we near the coastline and prepare 
to enter a river, the water we see is different from ocean 
water. It is muddier. Another parameter that we are 
interested in is sediment; we want to know how it Is 
transpoited, bow it fills the harbors wc build, how it is 
eroded from the shores. Such knowledge certainly has a 
lot to do with how we might zone our coastal areas, 
whether or net wc want to build houses there, and so 
on. Some techniques for measuring sedimeni are being 
developed. Using some new digital techniques, wc can 
now start measuring quantitative levels of sediment. 
RlglU now, we can do it on a given day, usually, but to 
extend that to the next day is somewhat difficult. 

As we move inland, still inspecting the Earth, if we 
put a finger in the water and taste it, we find that iiic 
water is not quite as salty as it was out on the ocean. A 
technique for remotely measuring salinity in the coastal 
areas is available. We can measure salinity levels from 10 
to 35 parts per thousand in water having temperatures 
higher than 20*^ to 30*" C. Thcic are some problems with 
the technique. Wc have to fly low, we have to avoid land 
masses, and the water must be warm, Tlie technique 
docs represent a beginning, however, and is being used 
currently in some cooperati /c evaluation programs in the 
State of Louisiana. The sluimp season and the 
relationship of shrimp productivity to tenipcraturc and 
salinity distributions along the Louisiana coast are being 
studied. By this means, the optimum time to open the 
season can be chosen. Even thougli tlic technique is 
unsophisticated, it is already a useful tool in the coastal 
zone. 

Wc ikuve u digital quantitative technique for 
measuring land area and water area and for nicasuriiig 


shoiclinc length. We arc fairly confident in the accuracy 
of the meauiremcnts now. Some actual evaluations arc 
being performed In application areas. We arc rather 
excited about that technique because it is working, It is 
developed, it is there to be used, and it Is inexpensive. 

Movinp again a bit farthw. inland, wc go into the 
marsh. The marsh has a lot of different elements that 
make it alien; we cannot go in and h>ok at it too easily. 
We are concerned about marshland because it controls, 
to a large extent, the productivity along the coast. We 
worry about erosion and other factors changing shape 
and form. We worry about salinity intruding Into the 
marsh becaui^e, with such an intrusion, the vegetation 
changes from fresh to salt. And while the vegetation is 
dying, the mudflats erode and all kinds of bad things 
happen. The vegetation is a useful indicator of the status 
of a marsh. By observing the vegetation in a marsh and 
using some digital techniques to classify vegetation 
types, wc can learn somethinf about it. We arc finning 
that, in some ways, plants are probably just like people. 
They prefer a certain kind of environment; some plants 
like saltwater and/or salt mud and other plants do not. If 
we learn to distinguish the plants that do have an 
affinity for salt and those that do not, and If wc can 
classify the plants, wc can say “That is a freshwater 
marsh’* or “That Is a saltwater marsli.” How docs such 
knowledge help? Now, wc can start not only delineating 
the boundaries in the coastal zone (what are the 
wetlands, which is a big concern right now), but we can 
also tell the salinity on the boundaries. Furthermore, if 
wc arc adept at analyzing the geometry of these jMcturcs, 
wc can lay next year’s picture on top of this years 
picture and determine the changes. Wc can see if tlie 
marsh is becoming more saline or fresher, and that tells 
us a lot about when wc should dig canals and when wc 
should not. Leveeing has brought about great changes. 

These arc all reinotc-scnsing techniques that can help 
us understand the environment. These and other 
technique*! that arc being used and evaluated riglit now 
will be discussed in the coastal zone management 
presentatitms. 
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C-2. Panel: Information Needs — 
Perceived and Real — for State Decisionmakers 

A. R, (Babe)Schwvtz,'’ ChrtiSptrou,^ WUkm Kterf and Michele Tetky^ 


SCHWARTZ: As a state senator, I represent 
Galveston County and that part of Harris County in 
which the NASA Lyndon B. Johnson Space CenKr 
(JSC) is located. My district also runs down the coastline 
from High Island on the Bolivar Peninsula to the middle 
of the Corpus Christ! ship channel. That is about half the 
linear distance of the Texas coast. 1 probably represent 
more coastline generally than any other state senator in 
the United States. In addition to that, it seems like most 
of the problems in ^^cxas are located in my senatorial 
district, which Is thr kind of place where a politician 
never can get very ct ^.fortable because the voters move 
in and out so fast tL'*t one really cannot get that well 
acquainted. 

Politicians dealing with scientists are not reallv very 
well accepted. That is part of what we are talking about 
when a person like me comes to you to describe the 
overview of what we are doing in coastal zone 
management and why Indeed we need the scientists, why 
an elected public official from a state senatorial district 
concerns himself with scientists as a practical matter. We 
are indeed interested in what scientists do, if we can 
learn what scientists do. And if we arc able to learn what 
scientists do if they are willing to tell us - then we arc 
interested, if we can understand it. We have an old 
saying in the Texas Senate that we apply when one 
person rides another into the ground trying to get him to 
explain his bill on the floor. The exasperated senator wilt 
finally say, ‘‘Senator, I can explain it to you, but \ 
cannot understand it for 

It uiiglit do well for SviciuHts to understand tiiat loo. 
Politicians sometimes require more explanation than 
other people in terms of translation. The NASA is in u 
business that docs require communications. 

In I ‘>72. the Congress passed a Coastal Zone 
Management Act, which shows great ciincern for tiic 


states of these United States. That act was passed and 
implemented i>y Congress before there was an outcry 
against land use management. Land use management is 
the anathema of chambers commerce, because 
chambers of commerce believe thai if one has land, he 
must sell it to somebody. If it is under water, then he 
must dry it out before he sells it, but he stilt must sell it. 
And if it is going to be under water tomorrow, like some 
Houston land, that is all right; he can promise that 
somebody will build a levee around it. And then he can 
go to the government and ask to have a levee built. 

The coastal zone management program is a functional 
program that has been funded, «ll 30 coastal states, 
including the Great Lakes states, have now qualified in 
that program and each is functioning. Texas is in its 
second year of the program and attempting to use the 
benefits. 

I happen to be the elected national chairman of the 
Coastal States Organization, which represents every 
coastal state in the United States. And we arc designees 
by the governors of our states for the purpose of 
translating the coastal zone goals and needs of those 
states to the Congress and to the Federal establisinncnt, 
which i.s no small job for state people. 

Here in Texas, I am amazed at I he complexity of 
coastal zone management and our needs over the years. 
How does a Texas Icj^rislatur learn what there is about the 
coastal zone that one might want to manage? The fact is 
that we grope around and fall in and out of state 
agencies and hope tliat we can conic up witii some things 
that somebody has done that tells us what needs to he 
done. I became interested in the coastal /one about 6 
years ago, and 1 was surprised to learn that there is an 
organization at the University i>f Texas (UT) culled the 
Bureau of Lconmnic Geology. The bureau has done an 
outstanding job. beginning with some mapping aiul 
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geological suivcys on the Texa» coast. (1 had always 
believed that geologists were principally In the business 
of finding oil and gas.) 1 learned that the Bureau of 
Economic Geology, as a practical matter, was 10 years in 
advance of the Texas Legislature (and, for that matter, 
of national bodies) In terms of determining the coastal 
zone needs of Texas and tracking the transformations 
that were taking place. What they lacked most were 
money and scientific data, which they had to assemble 
in large part with money they had obtained from the 
educational facility they represented. Some of the thing? 
simply had to be done, if Texas indeed were going to 
have ultimately a decent coastal tone program. 

When I first came in contact with the satellite 
remote-sensing program, it became very obvious th^this 
program ought to be related to all out needs In Tews 
and that, if there was a state that needed any kind of a 
scientific exchange, Texas was that state. Wc developed 
and finally Texas A. & M. University became a Sea Grant 
institution; the Bureau of Economic Geology was 
funded properly through the legislature to continue 
much of its good work; the UT Marine Science Institutes 
began to develop; the UT Biomedical Institute developed 
at the UT Medical Branch in Galveston; and so on. 

So we have a scientific community that does relate to 
’^gislative process to a limited extent. My plea to you is 
tti.it, whatever you are doing and whatever you m '. 
about to do. relate It to us In some way. It is nice «>f you 
to let some of us come to you. By and large, scientists 
think that legidators and politicians are difficult to reach 
and to inform. If you have ever tried to teach us 
anything, you understand how difficult it is for us to 
translate the facts to other politicians so that the 
necessary projects that you conceive, that you think arc 
Important, can be funded. So that is where we arc and 
that is the framework in which wc liave to operate. You 
can do nothing unless you are funded to do it. 

With that general view of our relationship and why 
we arc here, I give you the minority leader of tlic New 
Hampshire Legislature, Chris Spir-«i. 


SPIROU: I am glad to be wltli you. to share my 
experience with you. How do we relate to one another, 
whether in coastal «mc management or selling pictures, 
or whatever? I had liad very little contact with llw 
scientific wi.rtd.and very little contact with coastal mw 
iiiaiiagciiieiil until one day 2 years ago. when Aristotle 
Oiiassis aniimiiKcd that tic was lioping to buid a 
500 000-bairel/day refinery at Duiliatn.Ncw Hainpsliirc. 
The people around Durham were upset. And all at once, 
the legislature's attention was sl.ifted troin how many 
dccf wc arc goi.ig to liavc ami liow much tisli we are 


going to take to “save our shores.” And the battle began. 
Thoae of us who were decisionmaksts had very little 

knowledge. ... u . 

IMd we have any planning? Did anybody know how 
we were going to put that in? Where were the state 
industries? What Ic^slative enactments did we need. 

What were the processes of riling a refinery? No one 
knew anything about it. The Icgiriature had to make a 
decision. The decision was not one of the scientific 
world but one of the politicri world. 

As far as I am concerned, the Durham, New 
Hampshire, experience is the biggest iailute of people 
attempting to site a plant of this type in the *’>**o[y 
the world. They spent $500000 and accomplished 
nothing because they did not obtain enough advance 
imormation. 

Even the gypsies in the old country knew how to do 
that. Before they came into a town to nake a few 
dollars reading palms, they would se^ a scout 
undercover and check out Chris Spirou. What are his 
problems? What is happening in his life? Then, a week 
later, the gypsy queen would come by to tead my palm. 
And she knew all about me. She said there was a chock 
coming from the United States. A few days later, a 
check arrived. 1 was fooled, because 1 thought she had 
read my palm. 1 didn’t realize she even had scouts 
checking the poatal service. Onassis failed to have a good 
scooting report, so he didn’t find out how to convey his 
message to those who had to make the final political 

decision. . u i #• 

The final determination was not made on tne basts ot 

how many barrels of oil were going to be produced, nor 
on what plans had already been made. Tlic decision was 
made on a very practical political consideration: whether 
or not the governor and the political system uf the State 
of New Hampshire would want to circumvent the home 
rule provision wc had In the laws. If someone warned to 
put a rawtrack In any town in the State of New 
Hampshire, or if someone wanted to sell beer in any 
town 111 the State of New Hampshire, he first had to get 
the consent of the local people by a referendum. Wc 
asked. "Why can’t wc do the same thing about a 
refinery?” Tlicn wc required It in a law; so the vote on 
(lie fioor of the House was not whether or not there 
would be a rcliiiciy. but wlicthcr or not a refinery 
should be put hi the town of Durham without the 
coiiscnl of the icridciits. No legislator was going to vote 
against that. The night before that vote, we lickl a town 
iiicctliig day statevdde ami wc made sure th >t when the 
governor (who heavily supported the rcliiieryl said. 
“This Ik the question before the town nicctiiig: ShiiuUl 
wc have a refinery in tlic State of New iiampslure.' , 
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somebody would rise and say, want to make an 
amendment to that/* That amendment was, *Trovided 
the people of that town where the reflncfy is proposed 
have an opportunity to vote whether or not they want 
it/* In all, 223 towns voted to have a refinery, but 223 
people ro»> «vith an amendment. The town people could 
never vote apinst an amendment like that. 

So the next day, instead of having a refinery for th^ 
State of New Hampshire, wc had a referendum saying 
that a refinery will be built if the people of the town 
where the refinery is being proposed vote on it. When 
they did, it was 4 to 1 against and the refinery proposal 
failed. 

Now back to remote sensing. 1 understand that NASA 
has this unique technology and wants to apply it to the 
United States of America and perhaps to other places. 
But I am not an expert on remote sensing. I am only an 
expert - in a little way - in the political system wc 
have, and I would like to advise you who are going to be 
participants of this application of remote sensing. Here is 
how 1 would go about it if I were you. i'irst and 
foremost, your expertise and knowledge are not useful 
when you are talking to politicians. It serves the purpose 
for you to be prepared, but there is a different 
mechanism between your preparation and your ability 
to prepare me. Unless you understand how you can 
prepare me to understand what you are trying to explain 
to me, you fail. You can bring the best pictures, the best 
experiments, the best analysis, but if 1 have a different 
agenda than you have, if I am not listening to you, if I 
am pressured by another group, 1 am going to move that 
you be indefinitely postponed. And 13 seconds later, 
nearly everybody says **ayc*’ and the rest say nothing 
and your plan is gone. 

You go back and tell your friends, *Tt took him IS 
seconds ti> kill a thing I have been trying for 5 years to 
accomplish. Tliey just rejected it outright, didn't even 
give me an opportunity to testify. I went all the vay up 
to New Hampshire, sat down before the committee, and 
they never listened to me." It happens every day at 
every statclumsc from Washingt<m to New liampsliirc. 
Sometimes, there is no relationship between >our 
informution and my ability to grasp it, to understand it, 
and to apply it. 

I want to know more about the area that is culled the 
scacoast of New Hampshire, and not in such a frmimati,t 
situation as I had last year. I want to know wliut its 
value is, what is there, why it is there, and iuiw U is 
going to affect tlic future of my state, or the future of 
the State of Washirigton or of Colorado. Whellicr I am in 
Washinglon or In the New llampsluie Legislature, ! need 
to have that hiforination. 


You can convince me, my colleagues, or anybody 
ttbe. You can convince me that 1 know enough about my 
s^ate, about my nation, and this is the right thing to do 
bssed on data you gave me. You also have to learn that 1 
might just vote against that. Even thougli you are 
convinced that yc:* Stave me convinced, that I have 
enough knowledge now that 1 would make no other 
decision than what you have concluded is the just and 
right decision, I may vote the other way. You Just have 
to learn to come back the next day and try all over again 
in another way. The considerations that 1 have to take 
into account when I vote might be some that you have 
never seen, heard, or anticipated. So learn the political 
process, both the benefits and the hea.iaches, and 1 
think we can work together in understanding both of 
our roles. 

I need to know as much as I can about scientists, 
remote sensing, and expertise and technical papers that 
come through my desk every day, which 1 can only read 
by title. Somebody comes up with a bill 50 pages long 
ard somebody says, *^Mr. Speaker, 1 move that we read 
it by title only/* That is what I do with the messages 
you send me. But if somebody follows that up and 
seeing me someplace, he can say, **You know, I sent you 
a paper concerning remote sensing. Have you been able 
to read it? Can 1 talk to you ai some point about it?** 
Know the policymakers and you will get results. So learn 
the subject matter, not only the one that you are 
technically expert on, but learn the subject matter tliat 
you want to apply to the political system, whether it be 
the selectman in Durham, New Hampshire, or tlic 
President at the White House. Then we can apply remote 
jcrising much beitcr. 

TETLEY: S Mator Schwartz asked me to discuss the 
types of information that the states were requesting of 
me i’!id of our office us they prepare their planning 
programs. I found, examining my past 2 years of 
information requests, that not many states had conic t<i 
me and requested remotc>scn$ing data. I think I have 
fouiul, thfougli talking to the states using it, that they 
arc going directly ti' N/\SA or are going to commercial 
groups for tiieir remote sensing. I do have a feel, 
however, for the types of infonnation the states need 
that I think remote sensing could he used for. 

Wc arc both a land and water use planning 
organization. Wc have one foot in the *‘.ater and one 
fo'it on the land. That is a very dynamic interface and is 
one that is diniciilt to manage. Ijcc Tilton was talking 
about the wet side of our problem. We also have some 
fairly major problems on the dry side. I do not really 
feet, from what I can sec pronuitga'cd tbroug!* the 
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satellite material, that It is very helpful to the states at 
this point. They ate really involved in looking closely at 
the zoning problem. I think that it will take some 
iterations on the part of NASA to come up with some 
useful material in that area. 

I was heartened to hear some of the things Lee was 
discussing on the water side about temperature, 
turbidity, and these sorts of Information. As many of 
you probably know, each of the states has to conduct an 
assessment of its coast and this includes the living 
resources in the watc', sediment transport, erosion, and 
critical areas. A lot of the new techniques that Lee was 
explaining 1 think can be applied towards surveying 
these problems. One major problem is erosion. We hear 
this most frequendy from the Great Lakes, but the 
states are aU either suffering from erouon or, in the case 
of the Houston area, from subsidence. 1 think this is an 
aspect of remote sensing that can be used by t^ie states 
fairly well. The scale of the low-flight material, 1 think, 
is going to be a lot more useful as the states pull together 
their identifications of problems. I think in the long 
term, the satellite mater^ will be the most useful, once 
the states develop their management plans, in 
monitoring water quality and long-term changes. 

One of the things states have to identify before they 
can begin their management are the boundaries of their 
coastal zone. Several of the things Lee mentioned will be 
helpful here. One of them is the vegetation line; this is 
one of the ways a state can draw its boundary, the 
difference between the saltwater and freshwater 
vegetation. One of the problems with using this 
particular type of boundary is that it a changing one. 
Once again, Landsat information would be helpful. It 
would show over time how this was either receding or 
advancing. One of the ,>ther ways that the states arc 
going to probably be establishing boundaries will be the 
political boundaries, which will not show with remote 
senring, but I think it can be applied. 

Wc arc working if NOAA to help the states in some 
of their mapping problems, and developing a mapping 
handbook. It is a joint venture between the National 
Ocean Survey and the U.S. Geological Survey, with sort 
of gentle guidance irom the Office of Coastal Zone 
Management. When they began the liandbtMik, they 
surveyed the states and assed what kinds of Inforiiwtlon 
they wanted on these maps that. If the money is there, 
will eventually be put together. Right now, wc ate just 
putting together a handb<iuk. The types of things the 
states said they needed Included infoiination oti offshore 
structures, so they would have information for siting 
pollution; in other W(.rds, the dumping and the land 
runoff, sewage outfalls, and this sort of thing. Here. 


remote senring will be very handy. For the living 
resources, the land and water Inventories of commercial 
species, Lee mentioned that in ideiiUfying plankton 
blooms and water temperature, they could fairly 
accurately assess where fish might be. This is valuable for 
the states and certalrJy for the fishermen there. The 
states wanted some ideas about the physical changes 
over time. Here, the periodicity of the satellite data will 
be very helpful, although it Is on a scale that will be 
useful probably only on the long term. 1 think they wiD 
need low-Oiglit remote-senring data to establish their 
base, particularly for such things as erosion and (for 
instance, in the Great Lakes) the seasonal lake levels and 
the change of the lake levels over time, with the 
accompanying either accretion or erosion. A foot here 
and there can make a lot of difference, and you cannot 
pick that up from the higb-fllght material. Basically, 
they also wanted to be able to establish a fairly good 
socioeconomic base on these maps for use In their land 
use zoning. I do not know whether or not the remote 
sensing will be able to help except on the low-fli^t 
imagery. They also need the flood-plains Information 
and the bathymetry in the nearshore areas. In 
establishing their critical areas, they wiU need low-flight 
material in the beginning. 1 think in each one of these 
cases, the S 4 :tales will probably difler. In some cases, the 
large scale will be sufficient. We will not be able to have 
just the oiM! size and apply It strai^t across the board. 

As NASA moves more deeply into Earth resourc.- s, 
certainly in working with coastal zone managers, it t» 
first going to have to understand what coastal zone 
management is. It must understand who the users are 
and what they need. 1 think NASA is not necessarily 
going to be able to fit the states into what it now has. 
Wc have 30 states and 4 territories, and each one of 
those programs is different. Tlioy arc approaching their 
pri>blems differently- They have different types of 
coastline and shore problems. I really believe that as the 
rtates get further into their planning process, they will 
begin to kntiw the kinds of data they need. 

Althmigit the act was signed in 1972, wc did not 
receive our funding and did not hand out our first grants 
until early last spring. So stales have really only been 
involved for a little over a year; they arc now coming in 
for their second-year grants. This first year has heen, for 
the must part, a gearing up for the planning and 
inaiiagcnicnt process. . Some of the states, sutii us 
Ltnilriana and Florida, arc using remolc sensing now. 
Other states, I am sure, will ftdiow as their plans reveal 
the types of information that the rcimrlc sensing can 
pn.¥ldc. I think probably that NASA and those of you 
in the remote-sensing business arc going to havu to do a 
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bit of indIvidufilUed door*to-door selling to the states* In 
those areas where you do not have a program, 1 would 
recommend coming to Washington or going to the states 
looking at their programs under section 30S, the 
planning section of the act* Look at their proposals and 
see what they arc* what they propose to do* and identify 
those areas in which remote sensing could be used* 
Particularly identify those where remote sensing can do 
the job better than any other measurement method. 

There Is, as you may realize* not that much money in 
those grants. States arc not necessarily always going to 
actively seek out NASA for remote sensing as a panacea 
for their problems. It is probably going to be up to you 
people to identify those areas in which you can be of 
most help and go sell the states the program. 

KIER: This panel deals with informational needs of 
decisionmakers* real and perceived. 1 am going to try to 
be painfully honest here and deal with some facts, which 
I will flag, and some perceptions, which 1 will also 
Identify as just that and we can discuss those later. 1 am 
a staff person with the California State Senate. 1 was at 
one time a flsheries research scientist. However, I left 
hard science some time ago, about the time remote 
sensing appeared on the scene. In California* the Federal 
Government was just beginning to u<ie infrared remote 
sensing of ocean surface temperatures toward some 
predictive work on commercial fishing. I was delighted 
to learn that this good work continues. Tliat was, by the 
way, a good piece of work. The state and Federal folks 
jointly inanagc'l to steer the California abalone fleet 
toward what turned out be n bun^.per year. And that 
is the kind of remote-sensing payoff that can and should 
score with the dedsioninakers. 

Fact number one: I do not know anything about 
remote sensing. I commandeered a double armload of 
State of California paperwork on the subject and plowed 
through it on the way to Houston and such time as I 
have had here. I searched through inches of paper and 
could not And u kernel. 1 could not find where all the 
ctKirdinatioti and all the committees were doing 
anybody any giMHi. My perceptions, then, aic that 
remote sensing is a piece of technology that has been 
developed, for the most part* by the Federal 
Government, which has made it available* not to 
decisionmakers* hut to tccimiciuns in California who 
have treated this as though It were worth whut they paid 
for it nothing; and tliat* after a decade of talking 
about it, wc have made very little application. 

The fact is that, after a diligent search* I could And 
no evidence that tlic State of ('aliforniu had ever 
consciously cominittcd dollar one to any reinutc-scnsing 


venture. Some applications have been made in 
California* essentially with what we might call laundered 
money. Hie Department of Water Resources of the State 
of Califoinia is represented at this conference, 1 have not 
met the gentleman who will present this paper* but I 
understand that the remote*scnsing data utilization is 
represented in the Department of Water Resources 
budget as though it were photographic support or 
graphic arts. So think about that. In the California 
Department of Transportation, there is, I discovered 
only this morning, an OfAce of Geometronics. As best I 
can determine, it warehouses 9-by-9 photographs for 
purposes yet undetermined. I did manage this morning 
to go over and hear a former employee of the University 
of California describe how remote-sensing data are used 
in predicting the spread rate of wildland fires. And ! was 
so impressed that i followed Jim to breakfast and met a 
couple of his former university colleagues. We talked 
about the importance of turning the decisionmakers on 
to remote sensing, which these three young fellows were 
so turned on to themselves. I found out enough from 
them to reinforce the impressions I got in going through 
the paperwork. They had had contact with the various 
coordinating committees of the executive branch in 
Sacramento, but nothing had come of it. 

The memo writers and committee formers have 
gotten in between the kind of hands-on tcchnidans I was 
having breakfast with and the people that I work for* the 
politicians. So we explored this notion of getting my 
employers turned on to the use of this kind of 
information for the problems they deal with. And 
maybe that is what 1 can do for the State Senate as the 
inside man for technicians who think they have a 
product that the legislature needs. 

They idcntiAcd several things they were doing and t 
said, *'No, I don*t think that I could get my employers 
to sit still long enough to listen to all of that.** But, I 
said* *MIerc is wliat is cinning down in Sacramento. We 
have a brouhaha going just now on forest practices. We 
have a governor who is ciinvinccd the country is in an 
economic decline and he is going to have to have a big 
surplus in the state general fund before he turns limsc of 
buck one* but at the same time, he is determined to 
identify new job opportunities. So let's take all these 
factors and put tliem together.** Wc came up with tiic 
fact that the information tliat two tif these University of 
California fellows were working with concerns the 
potential capahillty of forest land presently on stock. 
Wliat I ktii>w is that the ('alifornia State forester would 
like just a little bit of money from tlic legislature to 
renovate the Division of l*<irestry mirseries. Some new 
tecimoiogy for muss producing seedlings at imicli lower 
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unit cost has been developed. So» I say, let's utilize this 
remote*sensing data to identify (at very little cost> 
hopefully) those sites capable of being restocked. Then 
we have to get ourselves a politician or two from these 
potential forest Improvement areas and begin to build up 
tarbabv and get the legislature's paw stuck to it by 
getting a very modest appropriation - a very, very 
modest appropriation, not to create something, but 
really to call up information tu:.( Is already available to 
show how we are going to get those new seedlings out 
there. I forgot to mention the fact that the State 
Division of Forestry has been approached by these 
univers^.y researchers and has shown very little real 
interest in remote-sensing applications in state forest 
management. So, here, we have the ingredients of an 
application which is of modest cost. I want to make it 
perfectly clear that this scenario is one that can be 
played out. 

1 am dazzled by what I have seen and heard here. But, 
despite my semiscicnce background, I do not really 
comprehend what I see and hear, although I suspect it 
cost i lot of money and, therefore, it does not make 
mujh sense right now. In terms of California’s lowered 
expectations. I am sure 1 have now made the point that 
we apply remote sensing in exquisitely selective 
ways at practically no cost at all and we must solve some 
reat«life problems for decisionmakers; that is how 
decisionmakers arc going to understand the application 
of remote sensing to real-life problems. 

We did not wait for NOAA money to launch our 
coastal planning effort. Wc started early in *973 as a 
result of a popular voter initiative which came on the 
heels of 4 years of legislative deliberation. That plan has 
evolved to the point where it has been subject to 31 
public hearings conducted by the California Coastal 
Zone Conservation Commission. It is being shaped up, 
spruced up. polished up for presentation to the 
legislature. The involvement of remote sensing in Ihc 
preparation ol tliHt California coastal plan was virtually 
nil. That is a fact. TTic only application, to my 
knowledge, was In the identification of coastal wetlands, 
comparing the existing situation to the earliest Federal 


miipplng to get some kind of trend data. Tlic plan 
contains 183 specific rccominciidutions. It includes a 
recommendation, for example, that the state exercise 
control in perpetuity of a band of the coastline that Is 
gencrically described as a wet sand vegetation line. First, 
wc must have a baseline determination as to what that is. 
That control line, or wliatevcr. Is going to have to relate 
to pctipSc s pro|H^rty and is going to have to give these 
decisionmakers the capability of seeing whose ox is 
acttini! uorLut. I • 
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deliver some good policy. But If people who arc 
important to them are losing by some change in nubile 
policy, look out. We have to be able to deal with this 
land use data in various clinically dear and exquisitely 
precise ways. The point here is that it is leas important 
to decisionmakers to know that only ©/♦ percent 
remains of the original whatever-lt-is that was once 
dominant along the marshes of the California coastline. 
They want to know whose backyard the remaining plant 
species or whatever is in. 

That is where we are in the coastal planning process 
in California. The people spoke in 1972 and said they 
wanted coastal zone planning and implied that they 
wanted coastal zone management. The mission of that 
management plan has been evolved: that evolution at 
this point unhappily coincides with what the governor, 
union leaders, builders, bankers, and so forth in 
California perceive as a very dire economic situation. 
We’re going to have (l)a terrible time selling that plan 
to the legislature and (2) the legislators are probably 
going to find comfort in the fact that many of the 
Californians who voted for that plan in 1972 are 
currently on the shorts, or out of work, or know 
somebody who is, and those voters don’t care about the 
kind of environmentalism they were espousing in 1972. 
The pendulum swings back and forth. 

I think all ot us should strive for some continuity. We 
went environmental in 1972, a little bit too 
antienvironmental ip 1975; a little bit fat on remote 
sensing perhaps in 1972, and a little bit too slim in 1975. 
And the name of the game is finding them rcaMifc 
applications of the things that wc generate and evolve in 
order that these very human decisionmakers can sec how 
tlicy relate to solving real problems for real people. 

SHERMAN: It kind of seems tike it has been you 
versus us. I am one of those technocmis. But we arc in 
this thing together to seek out solutions. Wlicn wc go in 
and legislation it created, often the people invulved in 
technology or in the operational program end up with 
the responsibilities, but wc don’t have authority. Mow 
do wc set up communication? It is you telling us the 
general problem areas that you face, so that your 
priorities can be established In a meaningful way, so that 
agencies can be created trt address tluisc prohictns and 
have the rcsiMindhility and authority to do it. 

KIER: One ol the really lough things for me. in 
dealing with stale legislators, is that busine.ss of 
coniinunicaliiig. Communications typically arc passing a 
guy ill the hallway or giving him counsel in a nanosecond 
because there just is no lime; cimimuniealion is .ill of 


that fluff and stuff in the padding and the bureaucratic 
language that just take up time and lose the tyoicai 
legislator*! Interest absolutely. 1 began to reatizs how 
condensed my counsel had to be. There was not time for 
all those quaUflcations that scientists are to apt to use to 
hedge. My typical communicaton with decisionmakers 
gets down now to, **Hey, this is good stuff,** or, **That*s 
a turkey,** or, **Thai*s a way to go.** That is the kind of 
information a tot of their decisionmaking is done on: 
counsel from people they respect and rely upon. That is 
the way it is. Legislators just do not have time to digest 
the paper that comes across the desk because the volume 
Is unbetfevable, just plain unbelievable. 

As an agency bureaucrat, you cannot legitimately call 
up the chairman of the House Ways and Means 
Committee and say, **Thls is Jack and 1 think that 
NOAA*s budget in this area should be increased by 
$3 million.** There may be a way to get around that by 
encouraging people outside the agency who have the 
interest and the ability to communicate one*on>one with 
legislators. There are people in the scientific community 
who have those scientific and political skills who are able 
because of their positions In society to get one*on-one 
with legislators or who are so into their thing that they 
don’t bother about the normal niceties. We are having an 
experience in California right now with just one such 
person who is totally and very productively involved in 
aquaculture. Trying to get that man money through 
normal budgeting procedures that involve the University 
of California is like trying to jam wet yam through a 
keyhole. A university just takes that money and scatters 
it ail over creation. This guy just came to Sacramento 
and went around the halls and, because he happened to 
have the dual skill, he sold his program. The legislature is 
finding a way to give his program the emphasis in 
funding that it deserves. 

TETLEY: Jack, you asked the decisionmakers to 
articulate their needs to the suppliers. I think that you 
will And In many cases remote sensing is a new animal to 
the states and until they know what it cun do for them, 
they arc not going to be able to come and articulate 
their needs. It is really going to take a selling job. 

SPIROU: I probably would have never heard tif 
coastal /.one munagcnient if somehow someone hadn’t 
heard from me first. Wc may he able to develop a good 
program in New liumpshirc in terms of coastal /one 
management, using remote sensing and putting all those 
techniques into application, [somebody championed the 
cause in tliat legislative body: that Is what it takes. 


TETLEY: Regarding coastal zone management, 
communication is the key » Involving Federal, State, 
and local people. Until effective information and 
communications networks are set up, we won't go 
anywhere. 

SPEAKER: 1 want to ask a question directly about 
that communications problem. I will preface it by 
talking about something which happened in New Jersey. 
New Jersey had an investigative contract with NASA in 
the Department of Environmental Protection. It 
involved coastal zone management and inspection of use 
of wetlands using Landsat photographs. Out of this 
investigation evolved a semioperational use of the 
satellite data. Hie department was able to send 
inspectors to specific areas to check land use to make 
sure it conformed to the Wetlands Act of New Jersey. 
When that investigation contract ended, the state then 
had to look to its own sources. The Department of 
Environmental Protection put in a budget of SIOOOO, 
which was a rather small budget, but the New Jersey 
Legislature voted it down. Now, this to me is an example 
of something which perhaps happens in a lot of states. 
The question I have is: Is this not symptomatic of 
something which is very much more fundamental? It is 
not just the communications problem, but it is the 
relationship between the Federal Government and the 
states, in term* of what the Federal Government should 
do and what the states should do. And bn’t It true that 
this has not been deflne d? 

SPIROU: I think there is a general antFPederal 
establishment attitude that state people display, 
particularly the executive branches, because of the way 
the Federal Government has worked in the past, going 
directly to cities and towns v^ith Federal funds. The 
states don’t have any control on the patronage of the 
money. 

TILTON: It sounds to me like the case you describe 
in New Jersey was what is known as improper 
tcchnoli^y transfer. Wc need 2 to 3 years of working 
with an organization, whether it Is a state or another 
Federal agency, before wc understand their problems 
and they understand ours. Typically, to take a project 
and show people how they can use {.foducts and then 
walk out the front diHir is just about useless. You must 
carry it all the way through. In some cases, you must 
hire tlicir people for them, train them until that thing is 
w<irking in their building with their people for a year or 
more, and you gradually phase out. But unless y;;u can 
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do thatf unlctt you can tell them what it It going to coit 
them, it it just uteieis. Wc found that out the hard way, 
but 1 think there are tome examples in the program that 
at kast tend to show the criteria for success in this 
technology transfer. 

RICHARD: Tm Dan Richard from NASA 
Headquarters and I guess 1 ought to start by saying that 
I’m not a technical person* 1 guess what bothers me is 
Michele Tetley saying that wc cannot realty know what 
the state needs are, that the state cannot identify those 
needs, in the state and local users session at this 
symposium, one of the conclusions was that they had to 
identify their problems, because otherwise this 
technology is just going to look tike so many more toys. 
We are trying to develop it for people to use and to tie it 
to some identifled need at the state level. If the 
resolution from Landsat satellites is not adequate 
cnastal zone management, we need to know that. We 
couid then just go out for high-iesolution aircraft data or 
something like that, which might better serve those 
involved in coastal zone management. So it is ver>* 
difficult for technical people to come and say, ’’We 
would like to develop tedmology to meet your needs,” 
when the nontechnical people cannot seem to define 
their needs In such a way that we can do that. 

TETLEY: I think in the coming months we will see 
the states coming up with a much better Idea of their 
needs. This first year has been spent gearing up; now, 
they are really getting their teeth into planning and 
looking forward to the implementation of those plans. 
The various needs are beginning to aurfacc, setting the 
boundary of the coastal zone, fur instance, or the 
identification of critical areas. These are things that we 
know in the national ofllce from the number of 
telephone calls and state trips to Washington. We know 
that theie arc going to be real problems. I do not see 
that the states are going to be beating a path to your 
door unless they can see that you can do something for 
them quickly and cheaply. We have the same probktm 
trying to Identify the needs before tliey get on the 
threshold of needing ihe information. It is awfully easy 
to have hindsl^t In something like this. Coastal /.one 
management Is a brand new approach to planning. Wc 
have learned a lot from some of our mistakes and also 
from our successes. Just looking at the act and the 
guidelines will give you a fairly good idea of the types of 
information the states are going to need. Some of the 
states, throt;gli other programs, have already Identified 
or surveyed particular areas; others have not. Sti I* is not 


going to be ckar cut across the country, I think as 1 tried 
to pull together everything I could tldnk of that would 
be appUc^k, 1 realized that relationshipa between 
NASA and the Office of Coastal Zone Management are 
practically nil at the Washington level. If wc establish 
liaisons at the national level, the state relationships will 
follow more easily. 

RICHARD: We are not sitting back waiting for the 
states to beat a path to our door. We have a program 
called the States Visits Program, in which we have been 
trying to go out to various state agencies and talk to 
them and have some kind of interchange to see if there 
arc some possibilities there. Would N'^’^A be willing to 
encourage states to look at remote sensing as a tool for 
management if you were convinced that it had great 
potentials? 

TETLEY: The word **encourage” is a little bit sticky. 
The states are basically on their own us to how they 
approach each of the planning and management 
ektnents. When states com^ to me with a particular 
information problem, I refer them to those individuals in 
the government or in private organizations who I think 
can help them. Heretofore, wc have not pushed the 
states in any one direction. That is not the stance that 
the office has taken, and probably will not take. If we at 
the national level understand your capability and the 
types of expertise that you can provide the states, then 
when a state says it needs to know what the offshore 
currents are, I would add to my list: **Chcck with 
NASA; find out what they have in their remote-sensing 
pro|.Tams and maybe th,«t will ticlp you.” It would be 
one of a list of things 1 would recommend. The more wc 
what you arc doing, the better wc can pass 
the information on to the states. Encouraging them and 
pushing them is not something to do. 

SPIRQU: I have a different approach to this. I think 
that NOAA should be one to encourage or discourage, 
wiicn it can pass on information, because tlic capablUttcs 
you have Is a very important question related to lum 
states are going to make a decision. If I were advising a 
governor or planning to deal with coastal Ziinc 
management directly related to me as a policymaker, t 
would call in NASA and say, “I got a grant from NOAA 
and I have some responsibilities to fulfill so I can hustle 
that money out. Now, t need some mote information to 
know wiuit to do with an application.” I’m going to ask 
you and I’m going to recommend to the governor that 
wc get pcfipic up to the stutehotisc from your office. But 
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Hrst* I have to know about you; 1 have to feel our 
relationship to you; I need something about coastal zone 
management. 

PIERCE: I would like to ask the representatives what 
their overall feeling is of the total value of the scientific 
input that they need for the Coastal Zone Management 
Act. What areas arc weak? What areas are strong? 

KIER: First* 1 don't have any feelings at all for the 
precise kind of data needed to bolster that coastai plan. 
Second, arc there rcaldife problems for which we have 
no hard data in California? The answer is definitely yes. 
We are currently staring down the gun band. The 
Federal Government is poised to release l.S million acres 
of California offshore oil and gas exploration 
production. If the drilling program proceeds, we have 
not the ff^iest notion of what the onshore impact is 
going to be. The sale puts the information gathering and 
analysis burden on California as it is now, and we arc 
trying to put that burden back on the Federal 
Government. 1 would say the hotspot on the California 
coastline today is the Federal offshore drilling program. 

TETLEY: I would say the major gap in information 
right now is the onshore impact of the accelerated 
offshore drilling schedules that are proposed. Tills has 
been a very hot issue. Wc do have information, 
particularly in the Gulf of Mexico, but drilling there was 
done over a long period of titne. It has become so much 
a fabric of the economy in the area that there is no way 
we cari compare it to tlie accelerated buildup. As far as 
the other types of tccimology or information gaps, I 
think for tlic most part the technology is already there. 
It is just finding out which technology to apply where. 
And our job at the national level is to identify the 
sources of information and pass this information on to 
the states so that they do not have to reinvent the wheel. 
Each state has a different personality regarding its 
particular needs. 

MILLER: I’m John Miller from the University of 
Alaska. M^ Spirou, t number myself among those who 
arc hoping to Icam from some of your comments about 
being able to comnumicatc and undci stand poliUcal 
realities. Mulling over some of your comments, ! Iiave 
one polittcally oriented questiem. I appreciate your 
comments about tlie importance of tlie tcfcrcnditni 
regarding the Durliam rcllncry proposal How far in your 
view do you think the local referendum concept can he 
wisely taken? For example, clearly, a city the si/e ol 
Durham makes a strong csm:. Sup|msc wc arc talking 


about a powerplant (nuclear or otherwise) and three 
fanners would Ukw to sell their property to the 
developer. Naturally, it is going to impact maybe 10 or 
15 farmers in the area. In this instance, their rights 
surely are as vested as those of tlie Durhanilte, but they 
carry far less political clout. How, in your view, should 
something like this be handled? 

SPIROU: I am a regionalist, you know. Originally, I 
believed in a concept of planning for energy resources. If 
everything was normal and we started talking about 
America being self-sustaining and everybody fulfilling 
their responsibilities to produce energy, I would have sat 
down vrillingly with Massachusetts, Vermont, Maine, and 
everybody else, laying out the agenda as to how wc go 
about it. But I was not given an opportunity to do that. 
What side do 1 choose*^ I had to make some very fast 
decisions. So we all changed around, and those who were 
rcgionalists became local-referendum oriented, and the 
governor, who ran as a local-referendum-oriented person, 
changed the other way and said this has: regional and 
statewide ramifications. In this particular case, a 
referendum was okay. If it had been allowed to evolve 
logically. 1 would have never taken that position. It was 
a reaction poatton in the absence of anything other than 
reaction. It was the only way we could have stopped the 
nonsense of just putting in a refinery with no studies, no 
discussions, simply because there was an energy crisis. 
That doesnT mean it was the logical thing to do or the 
right thing to do. And It was not the thing I would have 
done given the opportunity to sit down with those who 
had the technical expertise to corvince me that, "Yes, 
we can have it there," and tell me, "This is going to be 
the impact it is going to have,"’ and "No, wc don’t need 
a 500 0004}arrel refinery; a 200000-barrel would be 
equally effective." Or there are other alternatives, it was 
a reactionary thing, and it happened that way. 

SWETNICK: There was a recent meeting of the Outer 
Continental Shelf Resource Advisory Board, which is 
con^posed of Government representatives and state 
representatives. There was sonic concern on the part of 
several states as to their lack of involvement in plannijg 
the iiffshorc program. And at the same meeting 
Assistant Secretary iif the Interior Hughes reported to 
this board that there was going to be a meeting of the 
coastal /one governors to resolve this. Wliul arc the 
political implications when the governors then have to 
relate to the state legislatures? 

SPIROU: In my opinion, the responsibility of the 
l)cpartinent of the interior t>r of the ixipartinent of 
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Coinineice or anybody cIk U underiundtng the ultimate 
retponslbilUy that re»t» with the lcsl»>#tlve body. We 
have gone too far In keeping legitJatWe leaders 
uninfurnted about what is happening in the executive 
branch. Until the executive leaders understand that 
legislative leadership needs to be a coequal partner in 
this process of dedsionmaking, we are going to find 
agreements between governors going down the drain. 
Those people had better talk to the legislative leaders 
before they make an agreement because they are going 
to have another conflict afterwards between the two 
branches if they don’t. We are a check and balance on 
one another. If the governor is going to be informed. I 
have to be Informed also. 

PIRIE: I am Doug Pirie, Corps of Engineers in San 
Frandsco, and I am very interested in the State of 
California. I have some logs that I keep because I often 
get questions about who uses all of this NASA aircraft 
imagery. I have on my log State of California Navigation, 
Ocean Development, Department of Transportation, 
Environmental, Fish and Game, State Lands 
Commissioner, and on and on. People would have to 
actually use this in planning, and they are. And they are 
using NASA Imagery flown by JSC and by NASA Ames 
Research Center. That should nut be overlooked. 

ICIER : That does not refute my point that the 
California Legislature has made no conscious or 
deliberate Investment or involvement in remote sensing. 
You may be getting it to some technicians in state 
agencies, but that does not assure any continued Interest 
in applying remote sensing to solving problems in 
California. 

PIRIE: This may be true. However, I think you will 
And this is going to be almost, a grassroots-type action. 
In instances wiKrc people arc getting used to using 
remote sensing, they are going to demand that licads of 
state agencies, who arc in a position to say where iunds 
should iw spent, get heads of departments whti 
understand what is happening with remote sensing. 
Tlien, tiKSC people can be coordinators between NASA 
and the state. 

KIER: Your ptiint is well taken. Part ol (he New 
Jersey dilemma was tlie question. “Shouldn’t tlic role of 
the state and Federal agencies in this remote sensing be 
defined?'’ And I was thinking, we'll have anotlici 
ctmnnittcc and we'll define tlic rrtles and responsibilities 
and we’ll have another inch of paper tliat decisionmakers 


won’t read. The role will be defined exactly the way that 
you described; on a prajecl-by-prqiect, real-life bull. 

When Dan RIdtard Indicated that Lee TllUm is 
involved in a program of going out to the states and 
assessing the needs for Information, i was conjuring up 
in my mind Federal InvoWemeni in a series of wuiuns 
with California program managers. These sessions would 
for the most part be Involved with trying to produce a 
product that would convince a legislator that this Is good 
stuff. And I was speculating on the possibility of the 
Federal people eve' stumbling across a very real 
problem, for exami..e, the decline of dungoness crab In 
northern Callforr. ... We suspect wc have an Industrial 
pollution problem In the San Francisco Buy area. But 
.along the north coast, evidence hujust materlallied that 
crabs In very luvcnllc stages arc affected by slit outflows. 
That silt adhering to their young bodlea provides an 
excellent medium for dlseau organisms to grow. 

PIRIE: As you may know, we do have studies In San 
Francisco Bay, which Is being used as a classic for 
sediment distribution and all the ramifications of It. Tills 
study is not necesurily pointed toward remote sensing, 
but wc are using remote sensing with that study. 1 don’t 
think that fact has ever been publicized either. 

KIER: One of the things I am doing here is looking at 
aquaculture to answer some questions the legislature is 
dealing with. Getting the California market crab industry 
back on its feet bivotvcs interest from two or three 
different directions. My point is, it is highly unlikely 
that a quii k trip to California by Federal folk would 
reveal that real-life data requirement. That problem just 
happens to be very important to the dean of tlic 
California Senate. He is the kind of man wlio. because of 
immediate direct interest in a problem affecting the 
people of his district, could well be the champion of tV.c 
kind of data that pnividc part of the answers in this 
case, concerning market crab decline. 

TETLEY: I am heartened by the l.'ct that you say 
there Is a grassroots movement in California to use 
remote sensing- This Is probably the way H is going to 
have to go, the lower echelons using it and coiivlnclnj' 
their bi».scs and heads of agencies thai it is valuable. 
These grassrtHits arc the very people that arc the 
constituencies that Chris wtirries about, and I would 
thiii'K that llwy would be able to convince tlic legislators, 
too. 

SPIROU: I d«»n’l believe in spontancmis gt;'s*'ot»ts. I 
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am a product of graiirooti ndghburh'^od Involvement, 
and 1 do not think there li anything apontaneoui about 
it. If a private company, for example a computer 
company, had given 15 agenciet in the State of New 
liampshire a helping hand in aorting out their little 
problems one way or another, you know what would 
have happened. Somehow there would have been some 
money in the budget. The company that is going to get 
it is the one who already has friendly relations with 
everybody around. You have to ring you; own bell if 
you want others to start ringing with you. Just because 
you have provided technical assistance, if you have not 
reached Kler and the people he works with, you arc not 
going to get in the budget ever. Or if you do, it*s going 
to be too long from now. 

CAR1M1LL: I am Bob Cartmill from NASA, and 1 
have a question for the legislative people that is just a 
little bit difTcrent from how you sell to the legislature. I 
think you may need us more than we need you, because 
the solutions to these problems are going to have to be 
technolr^ical solutions. I think all we really need to do 
is And a political mechanism to help solve very real 
technological problems. There is, for instance, an energy 
shortage in this country', and passing this law or that law 
isn’t going to make that go away. If technology provided 
the offshore pintfomis which caused the pv.’!.. kon, tlion 
Tm afraid the only solution is going to be some 
technology to control that pollution. i#o >ur 
cunsiHucnts really feel concern for the energy crisis, < r 
do they think it Is alt made up? 

SPIROU: Yes, there is an energy crisis, and I agree 
that we have to solve It teclmologically. Tnc 
confrontation between the technological sector and the 
political sector has to happen. 1'he pressure has to 
accumulate. Nobody is going to come from ground level 
and start screaming for a nuclear plant he tioesn’t 
understand. The people of tliis country are right now in 
u survival stage. They want to know liow they arc going 
to Iced their families, witat their kids arc doing, what’s 
happening to tlieir wives or iheir husbands. Generating 
cncigy is the lust thing they think about untl! their 
utility bill goes up. A real grassroots movement to build 
a refinery or a generating plant is just not going to 
happen. Powerplants arc not on their agenda. So you arc 
going to have to And the mechanism someplace Ktween 
you and me and then get the people feeling coiniortablc 
that this is the nuttilKr one item on oi‘r agenda. 

CARTMILL: If 1 uiulcrMund your remarks, you arc 
not really feeling an urgeney about this ailuation that 


apparently a lot of people feel. Maybe ihli is true with 
gasoline at 60 cents a gallon. Will it be true at a dollar a 
gallon? How about S2.S0 a gallon? 

SPIROU: I'm expecting those glasses and dishes to 
come back. This time, the oil companies will be giving 
them at $ 1 .50 a gallon and 700 percent proAt , so you're 
going to have an incentive to buy that gasoline. They are 
expecting you. I have 14 glasses; 1 needed 20. 1 am still 
hoping to get the other six. And 1 still want the Tony 
the Tiger doll because I missed him. So, how arc you 
going to convince m? there is an energy crisis? 

CARTMILL: Maybs when they start plowing fields 
with horses instead of tractors. Maybe thcie isn't an 
ceiergy crisis, but if there is, the results will be felt. 

SPIROU: I am not convinced as a state legislator. Not 
one bit. 

KIER: I think that is the short answer for California 
as well. You in Houston live in an oil town; 
unemployment is low in the community. Oil is good for 
Texas and Texas likes oil. The average Californian 
doesn't have the same opinion of oil companies. 
Unemployment is at 10 percent in California. Tlic 
people's sense of urgency lies elsewhere. People don't 
understand how jacking up the price of gasoline is 
supposed to solve the energy problem. People react to 
criKs as tl)cy hit them at home. It is just not hitting at 
home, in a way that people comprehend it as an energy 
issue. It Is not the nature of folks to engage in iong*tcnn 
solution evolution. That's not to lay the issue cannot 
and ouglu not to be exploited. I've done It myself. I 
drafted a $10 million recreation trails program, ^)ich is 
speeding its way through the California Lcgistature. And 
the urgency of it as I framed it is to devise a network of 
bicycle trails off highways in California because of what 
I claim to be a burgc«ming rumb^r of Culifortiians who 
arc forced to bicycle rather than drive to work because 
of tlic alleged energy crisis. And you'll recall the 
hullabaloo in California wiven the well blew out in tlic 
Santa Barbara Channel and oil folk became bad guys 
overnight. That same Santa Barbara community voted, 
on one of these local lefcrcndums, approval of a new 
rennery in .Santa Barbara County. I'm sure that oil 
company is getting advertising copy ready to explain 
liow people of Santa Barbara have faced up to the 
cirrgy crisis. It was not that at all. It was unditubtcdly 
concern over jobs and a lot of hard lobbying by 
cnnstructhin irude unions. 
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TETLEY: I tio not chink titat Ihc locals are as 
worried about tccliuoluyy as they arc about their own 
backyard. Until they can underitand !iow coastal zone 
inanagcincnl or land use or any ol the planning and 
inanagcinent programs arc going to affect them and what 
they arc going to gain they are not going to worry about 
the little Ins and outs of existing technology. 

WORLEY: My name is David Worley. I am with the 
Coastal Marine Council In Florida. I have been a coastal 
planner for 4 years. We have been actively engaged in 
remote sensing in our program. There arc a couple ol 
points I wemid like to try to put forth in terms of coastal 
zone management and remote sensing. We have a 
multiple program rci|Ulrcinent. The concept of coastal 
zone management is very involved, In terms of all data 
acquisition and dat,. dissemination. It depends cnlitely 
on your program design from the local to tlie state level, 
and also **n your Federal r«iuircments. To meet tliesc 
requirements, yon must have a multiple program as tar 
as data collection and dissemination, Michele mentioned 
about getting into the local level. We have been with the 


local 4 years; that has m*l been lltc problem. The 
problem Is political ex|>cdlcncy. It is going to be a 
probicni hrrth wlili the Cirasial zone management 
program and rcnurlc'senslng application because you get 
down to Ihc question: How much Information does the 
political decisionmaker really want’? If you can gel the 
hreal peo|dc involved, you won’t have .any problems. But 
it is a prrtccss that will lake time, particularly with a new 
pTugruin. Wlicn NOAA gttes into these areas, it should 
fiiid out how hrr along the local people arc. particularly 
in program design and trying to gel lielp iu 
instrumcnialion. But If these local people do not go 
back to the legislative process and gel their own elected 
offtidals to support the pntgrum, then nothing Is going to 
happen. 

TETLEY: I agree It has to be done from both sides 
because a Ic'glslator Is not going to move unless his 
constituency to obviously going to be positively affected 
by It, and he is not going to know how they feel unless 
tlicy already understand the problem. 
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C-3. Applications of Remote-Sensing Technology 
to Environmental Problems of Delaware 
and Delaware Bay 

D. Bartlett/* V. Klematf W. Phllpotf and R. Rogers’* 


In addition to my work with the State of Delaware 
wetlands inventory, I also pursue research in digital 
processing of multispectral data. 1 have been associated 
with the state coastal zone management project, and 1 
participated in the formulation of regulations for the 
management of Delaware wetlands. Therefore, 1 not 
only provide data, but I am also a first-order user of 
some of those same data. Although our major research 
interest at Delaware is in the analysis and interpretation 
of Landsat and Skylab data, when called upon to apply 
remote sensing to a particular problem, we rarely rely 
solely on orbital imagery. We have never intended, nor 
has NASA, that orbital platforms should replace all 
other forms of information gathering, remote sensing or 
otherwise, for any application. In almost all cases, we 
envision the application of Landsat technology as part of 
an integrated system of data gathering, including lower 
altitude remote sensors and other sources of 
information. 

Our applications of remote sensing are divided into 
those concerned with water, which I shall discuss first, 
and those concerned with more or less dry land. First, 
the State of Delaware and the National Science 
Foundation, through its lesearch applied to national 
needs program, have supported the development in 
Delaware of a coniputcri/.cd model of predicted oil slick 
mi vcinent within the bay. Delaware Bay Is the largest 
petroleum marshaling urea on the cast coast; it handled 
about 87 million tons of petroleum products in 1973, 
and that figure Ins increased quite a bit in the 2 years 
since. Thus, the Slates of Delaware. Maryland New 
Jersey, and Pennsylvania are undcratundably concerned 
about the movement of ciilspills. 

Once a spill has been reported, the input requirement 
at a computer terminal Includes the size, the location, 


and the time of the spill; the nature of the od; and the 
weather forecast, particularly wind conditions and 
unusual tidal conditions. With this input, the console has 
the output capability to display the oil slick movement 
as a function of time and co display the spatial oil slick 
probability on an average monthly basis. With tViis 
infr>rmation, one can del<^rmine where a slick is most 
likely to come ashore. Engineers ar^d oceanographers 
who worked on this project first thought they could 
simplify things considerably by assuming that because an 
oil slick, for the most part, floats on the surface, they 
need only worry about those plienomena affecting 
surface water circulation in two dimensions. From their 
preliminary tests, however, they discovered that they 
could not rely upon this assumption because of the 
presence of structures that they termed **front;;*' (ref. 1). 
A front is defined as the surface expression of the 
convergence of two water masses, usually sediment-laden 
freslicr water and clearer oceanic water. Figure 1 
illustrates a front and the sharp interface that occurs 
betv'een .wo such water masses. One component of the 
motion of the water masses is convergence, and one 
water mass at the point of convcrgetice goes down 
underneath the other. Usually, the more saline, therefore 
denser, oceanic water goes underneath. As the two 
converge, they bring floating material with them; as one 
mass slides under the other, the material is trapped a.oiig 
the biiundary (ref. 2) and moves about quite differently 
than if it were affected simply by winds and tides In a 
strictly two-dimensional sense. These become 
threc*(litncnsional structures in the sense that they 
continue below the surface. Figure 2 is an example of 
this type of behavior It is a drawing made from 
low-altitude ultraviolet photography sliowing oil slicks In 
the lower part of Delaware Bay shortly after a spill had 
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rigun L- AeM photograph of coaital and oceanic water 
maiiea converginf along a *tronf* on the wettem shore of 
Delaware Bay. 
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Figure 2. Map of distribution of small oU slicks Interpreted 
from a low^attltudc ultraviolet photograph. Symbols and 
numbers identify spccilk buoy locations. 


occurred, about 10:30 a.m. Figure 3 shows the at 
3:00 p.m. on the same day. The slicks now are oriented 
longitudinally along the long axis of the bay, and the 
sinuous pattern that is characteristic of something 
trapped along one of the fronts is apparent. The 



Figure 3.> Map of distribution of oil shown in Ogure 2 after 4.S 
hours» allowing entrainment of oil in coastal fronts at a scale 
of 1:80 000. 

dispersal of the slick and its gross movement about the 
bay are considerably different from what one would 
pr^ict if the presence of the convergent fronts were 
ignored. Fortunately, these fronts occur in relatively low 
numbers and In characteristic locations in the bay, 
depending on the tidal stage. They also are large enough 
to be easily seen in Landsat imagery (ref. 3). 

Figure 4(a) is a Landsat image of Delaware Bay 
acquired during floodtide; several fronts are visible in the 
upper portion of the bay parallel to the shore. Figure 
4(b) is a tidal current chart provided for comparison. 
This Ogurc is indicative that tl.e scale of Landsat imagery 
makes identifleation of huge features much easier than if 
lower altitude sensing were used. We have approximately 
20 good sets of Landsat imagery of Delaware Bay at 
different tidal stages showing the instantaneous 
distribution of these fronts over the entire bay. 
Program iii: the characteristic location of these fronts 
during different tidal stages and under different wind 
conditions should make the oil slick model an even more 
accurate and effleUnt tool. 
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(a) Landsat image. (b) Tidal cutnm; chart. 

l-iguic 4.- Landsal-I image (band 5) of Delaware Bay and tidal current chart for tidal stage corresponding to time of 

Lundsat overpass. 
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Wc are also using Landsat imagery in a project that 
requires monitoring an offshore waste disposal site. 
Figure 5 is a Landsat image acquired immediately after 
the dumping of iron acid wastes rouglily 40 nautical 
miles off the Delaware coast; dispersal has nut yet 
begun. The sinuous pattern is produced simply by llte 
movement of tlic barge dumping the waste. Figure 6 is a 
digitally cniianced image taken from the same data; it 
shows a little mure s tructure within the plume. Denser 
areas are denoted by red. less dense areas by dark green, 
and general oceanic water by light green. Because the 
acid was dumped at a time wc specified (a given time 
after a L.and8at overpass), wc can study the movement of 
the plume and its dispersal through time. As I 
mentioned, wc do not rely exclusively on orbital 
imagery; an extensive conventional water sampling 
program is also part of the project, and the current data 
obtained by tracking the spill visually through time with 
Landsat imagery arc supplcincntcd by data acquired 
using disposable, radio*signal-cmitting drogues that arc 
tracked fn>m sliorc (ref. 4). The latter technique, of 


course. Is a type of remote sensing, although it is nut 
accomplished from the air. 

Our major project on land has been inventorying the 
Delaware tidal wetlands at a variety of scales. Figure 7 
shows the general purpose mapping of the wetlands and 
the plant species within them at a scale of 1 ;24 000 (ref. 

5). The information was interpreted from color and 
color4nfrared photography .required by an NASA 
aircraft Dying at an altitude of 60 000 feet. Figure 8 was 
dune at a scale of 1:2400. 10 times larger than the scale 
of tlic previous study, and the wetland boundaries and 
the species identifications arc drawn directly on 
black>and*white enlargements of the photographs used 
f«>r inteiprclatiun. Figure *) shows a mure comprehensive 
inventory of cover types ^ncrated from Landsat digital 
data (ref. 6). Tlic variety ol‘ color-coded cover types is 
oriented toward an inventory of coastal wetlands but 
also includes agricultural and barren land categories. 

All of the categories faivolved were imcrprcled in 
approximately 3 days by use of computer equipment 
ucvc'ifpc-d for iliis puiposc by the Bciidix Aerospace 
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Systems Division, !t was possible to distinguish the three 
primary vegetative communities present in the wetlands 
as well as related categories around and within the 
wetlands. The accuracy of identification has been 
determined to be greater than 85 percent for all 
categories and greater than 90 percent for all but two of 
the categories. By comparison, the U.S. Bureau of the 
Census regularly encounters errors of 5 to 10 percent 
whon doinp regionai inventories of agricultural land use 
areas. 

We are investigating ways of correcting Landsat data 
for effects of the atmosphere between the ground target 




l igure 5. t.and«al-l image (hand Hhttwing location of acid 
wufdc dump, (he fiditiook^ithuped plume in the lower center. 
The dump area h in the North Atlantic Ocean. approMinaiel)’ 
40 nautkal tniU^ off tlie Delawafc coa^t. 


and the Landsat, and we hope this work will allow us to 
conduct an even more detailed and accurate survey. The 
success of this endeavor has encouraged us to explore an 
application by which potential impacts of offshore oil 
and gas development on the coastal environment of 
Delaware could be identified. The idea is to examine 
Landsat. images of areas in which development has 
already occurred or is currently taking place, such as 
Louisiana, Alaska, and southern California, and to 
identify characteristic features such as storage and 
marshaling areas, petroleum*related industrial activities, 
transportation networks, and docking areas. All of these 
features should be large enough to be seen at Landsat 
scales, and the hope is that by examining patterns of 
development in other areas, the potential Impact on the 
Delaware coast can be anticipated. As with other 
prbjects, the orbital data will bo supplemented with 
low-altitude aircraft photography, maps, or other data. 

We believe that orbital data must be used in 
conjunction with other sources In almost any 
operational project. Orbital data are, of course, tne 
newest and thus the least proven of the various 
remote-sensing tools; however, the acceptance of our 
work - which was accomplished largely through the use 
of platforms at orbital altitude by such diverse and 
applications-oriented organii^ations as the Slate of 
Delaware, the Environmental Protection Agency, and 
private industry is encouraging. 



MpUrC 6. CTiiMnirviuCnt anJ CnlMigCuiC,,, *>f ti'e sSislii Ir^ 

figure 5. ■ .uwini; Mructur^l lciiture% of ilicaciil plum:. 
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I igutc 7. WctlatuI vt‘K^'tulion itKitthutiitii tuap at u %calc uf 1:24 IMH). Cotors Ucmttc v;iriiHi% vvctlaiul phiiits. aiul wliMc 
imlkalus unbnil nr liruch nutertal lluf i\ not inclutlcd in the 
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l-iniie 8 - Stole of Dclewarc welUnda Inventoiy photographic sheet, showing wetliiid/upliind bounty (he«vy line) end .egetetlon 
boundaries (thin tine). Roosevelt Inlet is in the lower right portion o» the flgure. 
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C-4. California Nearshore Surface Currents 

Douglas M. Plrif. WchaeU. Murph/, mtd J. Robert Edmisteifi 


INTRODUCTION 

Charhwieristics of nearshore surface currents along the 
California coast contribute in large measure to the 
economy of California and also provide unique 
recreational and esthetic experiences for the citizenry. 
The impacts of oceanic current variations on the Hshlng 
and resort industries arc well known. Less understood 
arc the problems encountered in coastal engineering due 
to the lack of goiKi data on nearshore currents that 
affect littoral transport as well as other coastal 
parameters. 

During the “oceanic period” from July to November, 
the southward-flowing California Cunent dominates the 
nearshore current patterns. Commencing about the 
middle of November and extending to mid-February, the 
Davidson Current, a northward-moving countercurrent, 
is tile dominant inshore transporter of water and 
suspensutes. The phenomenon of upwclling is prevalent 
during the period from the middle of February to the 
end of July. Titus, every year along the ami of 
California, there arc the three successive current seasons: 
the tKcanic, the Davidson, and Ihc upwclling. This palter 
is a discussion of the nature of these nearshore currents. 
In addition, the capabilities various reniotc-scnsiiig 
platforms and systems for prtwiding methods ol 
nionltoring the coastal processes associated with the 
current seasons of CaUfoniia arc demonstrated herein. 


GENERAL OVERVIEW AND RESULTS 
OF PREVIOUS INVESTIGATIONS 

Remote Sensing of Surface Currents 

Willi the advent of i|itaiily IDiiik and nuilthtHictral 
iiiuging HystciiiH lor btitli aircrull and satellites. 


remote sensing techniques have gained widespread 
acceptance and use in studies of coastal processes. The 
Landsat provided for the repetitive acquisition of 
higlwcsolution multispcctral imagery of the Earth 
surface. With respect to nearshore currents, Landsat 
permitted synoptic, repetitive coverage having 
acceptable resolution capability for detecting current 
directions and horizrmtal distribution, upwcllings, 
current blockages, offshore movements, gyres, and 
sediment sources (ref. 1). In addition to tlic Landsat 
data, imagery from NASA U-2 higlisiltitudc aircraft and 
from medium-altitude NASA Earth ‘^bscrvatlmi aircraft 
has been used for coastal current evaluation. 

Use of tikc 0.5- to 0.65-mtcromctcr band of tlic 
electromagnetic spectrum provides the best definition of 
ncarriuirc and offshore currents that carry suspended 
sediments. Tlic suspensates act as current pattern (racers 
and originate primarily from riverine discharges, 
cstuarhic flushing, and shore erosion. Satellite and 
aircraft systems liavc provided imagery of the structure 
of large coastal and lacustrine plumes assticiatcd witli 
scdtmciU-produchig areas in many parts of the world. 
During periods of little or no runntt, csiKclally in 
southern California, the lack of appreciable quantities of 
suspended materials acting as tracers makes detectum ot‘ 
sea and coastal pn»ccsscs dilficult. 

To obtain inaxinuitn information friiitt transparencies 
and computer tapes, enluincement tcchtnques tor 
expanding density ranges have been applied. It is also 
possible to use imilticliaiincl ctimpiitcr processing ti» 
ctihaiicc water density differettces between the various 
multispcctral clnmiiels and thereby enhance suspended 
sediinent and current features. Atialysis of available 
Landsat imagery, U-2 aiicrafl photography. low-ahiHide 
uhcrafi imagery, and sca-triilh data lias resulted in 
generali/ed numthly ciurcnt patterns ahmg the coast of 
CalilonttalicL I). 


S. Army (*ofp% ol 1 iitfinciTs, S.m t ramiHo. ( ulilofiiij. 
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Nature of Nearshore Currents 

Attliougli a fully integrated picture of all factors 
influencing the nearshore surface currents along the 
coast of California has yet to be developed, tiu most 
important force imparting motion to the surface waters 
is known to be wind. As de scribed by Sverdrup, there is 
generally a clockwise current circulation in the North 
Pacific Ocean caused by the strong westerly higlr-latUudc 
winds, which move the waters eastward, and the trade 
winds farther south push the waters westward in a return 
flow. The California Current lie;; at the eastern, 
southward-flowing side of this Pacific Ocean circulation 
pattern. Hie current flo^vs southeastward between one 
eel! of high atmospheric pressure to the west and 
another cell of high pressure on the landward, eastern 
side. Winds over the Callforuiu Current arc generally 
from the north and the west. Tlicsc winds arc strong 
when the two high-pressure cells are close together and 
intense. Conversely, winds arc weak when the cells are 
farther apart and imidcratc. Both these c^lls arc weakest 
in winter. The higli to the west moves northward in 
spring and summer as it grows sliglitly stronger. Ir the 
fait, it weakens and moves southward. Tlic low«prcssurc 
cell over the land is a scrnipcniianent feature with a 
wider range of seasonal variations. Changes in the 
strength and location of the cells cause seasonal ciiangcs 
in the winds ahing tlic California coast. P'rom spring to 
fall, the main component of ihc winds is northerly; in 
the winter, this northerly compiment either weakens in 
reverses. 

Other forces lltat affect Ihc ocean waters arc pressure 
gradients, Coriolis effects, and gravity. They produce 
gcostrophic flow, <ir gradient currents, which result from 
the action ol gravity How outward frcmi topographic 
bulges of water found primarily at the center of surface 
wind gyres. Differences in the level of the sea produced 
by low-density water overlying denser water, es|Kcially 
it a sharp interface exists between the water bodies, 
induce sIo|k* currcitls. During the tall and winter 
months, river discharge <]iiantities, particularly in 
nortlicrii Calilornia, are of suftlcicnt magnitude i 4 > cause 
slope currents. 


Description of California Current 

The CalHoriiiu Current system is a part of the general 
chickwisc circulation of the N^irlli Pacific Ocean, At 
high lafilndcs. the waters move eastward under the 
inlhicnce of the ''roaring forties," ami near the co;rsi of 
North Ameiica south oi the Aleutian Islands, they divide 


into branches. Tlie smaller |iart turns northward into tlie 
Gulf of Alaska, and the larger part turns southeastward 
to become the California Current. The water that is 
transported south by the California ('urrent is ctmicr 
than the waters farther offshore. This current, with a 
usual speed of less than 0,25 m/sec, is nuidHled by 
upwelling, solar heating, river discharge, and exchange 
with estuaries and cmbaynieiits as it traverses the 
shoreline of western North America. As it nears latitude 
25^ N, it begins to turn westward and Us waters become 
part ol’ the wcstward-flowuig North lu{ualorial Current. 
On the inshore side of the current, numerous variations 
of the circulation occur. A permanent c*>untercluckwisc 
eddy, the SoutJierii California Countei current, is fiiund 
inside tiic submerged peninsula that extends suutlicast 
from Point Conception and that includes Santa Rosa 
Island, Sun Nicolas Island, and Cartes Bank (ref. 2). 

Oceanic and Upwelling Seasons 

Along the coast of California, winds from the north 
and the northwest prevail during ihc spring and sunmiei 
months. The nearshore, southward-flowing surface 
waters arc turned from tneir nmvement along the coast 
to a directhm iiffsltorc. Tftc waters that move offshore 
arc partly replaced by colder waters from below. Tliis 
replacement is known as upwelling and is important 
because of the surfacing of waters rich in nutrients. 
Tiicsc nutrients suppiirt the abundant and diverse 
biological activity in the coasiul waters. 

Tlic period of strongest upwelling differs along 
various sections of the coast, h'or San Diego, Mcllwcn 
iletined the upwelling period as April loSeplemher with 
a maximum during June and July. Monterey Huy, 
.Skiigsirerg gave the upwelling \yctm\ as the tnidille o\ 
F’ebmary to the lK*giiiiiliig 4)f .V|)lcmher (ref. .1). 
Maximum upwelling ttccurred iK'torc the end of July in 
his investigutimiN. Reid and others suggested that 
upwelling is strongest when the northerly and 
imrlhweslerly winds are nu>st inarkcil (ret. 4|. This 
cotulilion occurs in April ami May off Baja ( alitonha, in 
May ami June off southern Calirooriu, in June and July 
oft northern California, and in August ofj Oregmi. 
Wyriki said that iipwefliiig off Haja ( niilornta occurred 
throughoiil the year. 

A llieorelical cimsideratioti for large-scale upwelling 
was given by Yoshida ami M:n>. Ihey used their cipialion 
lor vertical velocity in the Mirlace layers to sliovv that 
intense upwelling should occur inily in the spring in 
sonthern California ami Haja Calitorina waters, hccansc 
of (he irnsitive values in the curl o! the wind stress Ais«r 
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intonie upwelling in (lie northern arcuii thould occur 
only during the tutniner und full, when the cu.' of the 
wind stress has appiupriale positive values. 

Skugsberg Indicated that upwclling was limited 
nonna'iy to the upper 300 meters; but, during years of 
Intense upwelling, the depth could be greater (ref. 3). 
Sverdrup and Fleming (re^ 2) have indicated this figure 
to be approximately 200 meters. Roden and others, 
using statistical data off northern California, concluded 
that water from depths greater than 100 meters drjes not 
ascend frequently to the sea surface. 

Sverdrup found evidence of coastal upwclling as far as 
too kilometers from the coast. Yoshida and Mao implied 
that upwcHing of a large horUontal extent could occur 
at far from the coast at 600 kllomctcn. Yoshida’s theory 
of coastal upwelling deserttred a narrow strip of 
upwelling approximately 50 kikimetcrs wide near the 
coast (ref. 5). The width of the coastal upwclling is 
controlled by two parameters. The First a the axis of the 
northerly winds. tMien the axh it near the shore, the 
upwclling aone Is narrow; when the axis is far from 
shore, the xonc it wide. The seamd parameter is the 
latitude; th' catculations presented from Yosiiida’s 
model showed that the width of the upwelling area 
decreased with incrcasi.'ig latitude. 

Sverdrup and others indicated centers of upwelling 
along the coast at latitudes 24* N, 35* N, and 41* N. 
Ilidaka suggested th.it since Itis velocity coinponcnu all 
included the sine of tl,c latitude in the denominator, the 
intensity should Increase with decreasing latitude. Reid 
and Olliers (ref. 4) noted that upwelling was mure 
intense south of capes an.i seaward extensions (Cape 
Mendocino and Point Conception). PattuHo and others 
reported a similar situation off the iitasl of Oregon, and 
Dawson reported this effect off the ctiast of Baja 
California. Arthur, using his e<|ualiun fur upwclling 
velocity, explained this occurrence tlieoretically. Tlic 
planetary vortklty term b always negative on the 
wcftcrn coast of continents. Tite relative vorticity is 
positive north of a point or a cape (opposing the 
planetary vorticity) and thus contributes to a siiullcr 
upwclling vekwity; tlic vorticity term is negative south 
of a |H)int or a cape and therefore contributes to a higher 
u|>wclllng velocity. Holly found a coriclation between 
the most persistent arcus of coastal upwclling and 
locations of greatest continental sltclf slope 
(approximately at latitudes 2*)*^ N, 31° N, and .13* N) 
(ref. 6). 


During tIte period from April to September, coastal 
upwelling ia the principal cunlrolllng faetur of tea 
surface temperature within 100 kilomtders of the 
western coast of North America; Iarge4cale upwelling la 
an influential faetor In the California Current region 
farther offshore, Coastal upw,slling is smaller in seale and 
more intense than large-scale upwelling. These two types 
of upwelling frequently twcur at the same time and arc 
separated by a trougli of slnki,ig water. The nearsliore 
circuiaiion resulting from coastal upwelling is 
determined ."ainly by wind stress; but stratiPibMUon of 
the water, bathymetry, and latitude are influential 
factors. Either alongshore or oflshorc winds can produce 
coastal upwelling. A predominantly alongshore flow 
with a small offshore component produces the most 
intense upwelling. Intensity also increases, as dttes width, 
with decreasing latitude. Large-scale upwclling b 
produced by the curl of the wind stress. Tlic ascending 
motion of tlic water produced by the curl of the wind 
attest lesults In a sutmrfacc poleward-moving current. 
Abo. an increase in intensity south of capes and other 
seaward cxtcnsio-is can be observed and shown 
thcuTCtically to occur with a current flowing southward 
on a western coast. 


Davidson Current Season 

Dtirhig the period of approximately November to 
February each year, tlic Davhlsuii Current, a 
northward-moving cmintcrcunent, b the dominant 
inrhorc transporter of water and suspensates.' 11k 
Davidson Cutrcnl is generally deep (below 20U mclcrt) 
and flows to Hk northwest along iIk coast from Baja 
California to some point beyond Ca|K Mendocino (reft. 
4 and 7); it has been observed os far nortli as SO* N 
latitude (ref. b). It brings warmer, more saline water 
great distances northwa d along the coast Ihrougliout 
IIk year. When the north winds arc ivcak or absent in 
kite fall and early winter, the Davidstm Current forms at 
the surface on the Insluirc side of the Calilornia Current 
main sltcaiii. 


Current Mcesurement 

ComiHcncing in the late IP50*s, direct mcasiircMuents 
of the California Cutrcnl were made using various 
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iiteaturenient tocImlqiiM. tinprnvcd rudur and radar 
rcficctora niad^ It possible |g truck many drogues 
simultaneously and thus to measure the currents over 
wider areas with <.nly one ship. Such a technique wot 
cmi^oyod in March f<)S« to gain a detailed picture of 
the California Current for a 4-day period off Point Sur in 
the vicinity of Davidson Seamount. The current set was 
to the southeast at an average velocity of 0.25 m/sec. 
Rapidly imiving streams with maximum velocities of 
O.W n^sw were observed by Jennings and Schwart/.losc 
iref. 9). Direct measurements of the nearshore surface 
currents were again made m October 1958 and January 
9>9 for the same location off Point Sur. Parachute 
drogues were used to determine current direction and 
speed. In October, the coastal waters were just beginning 
to flow noithward and the velocities measured using 
both drogues and geostrophic approximation indicated a 
degree of irregularity. In January, however, the 
northwestward-flowing Davidson Current was well 
established. It was approximately 90 kilometers wide at 
36 N latitude, and speeds of 0.10 to 0.2S m/scc were 
observed. Flow inaintuined quasi-periinlic fluctuations of 
a^pproxiiiiate cMurnal and semidiurnal periods. 
Geomagnetic eicctrokinctograpli (GbK) measurements 
substantiated fluctuations in flow (ref. 10). 

To supplement tlic direct incasurcments obtained by 
drogues and ihc GhK. drift bottles have been used 
extensively to study nearshore currents along the coast 
of California; and. except for remote sensing, few other 
data sl»o-w as clearly ilic existence of the Davidson 
Countercurrent during ihc late fall and winter months. 
Tire results fr>m drift-bottle studies of insliorc currents 
along the coast ot California have been reported by a 
number of investigators (rets. A and II to 1 5). Other 
related drilt-bottic studies have been made (refs. 8, 16 
nnd 17), In late 1954. the Scripps Institutimi of 
C^.-cinography coniponcnt of tlw (‘..lirornia Cimperative 
0«»aiuc l islictics Investigations (CalCOFI), the Marine 
Life Rtscaich Group, began using drift botlle.s to study 
Masimal varialimis in the insliore porllim of the 
Calilonila Current, l•ronl 1955 to 1971, a iK'iiod of 17 
years, I4H3H4 driP bottles were released and 
approximately .1.4 }wrcenl (4995) tvete recovereil (ref. 
I.S). The northermnosl return was Irtun Moiiiagtie 
sand. Ala.ska (August 1968); the soiitlieiimtosi rcliirn 
came from an area just imrili of Aca|iulcn, Mexico (M;iy 
> 59); and the wcsiernmosl return was from the islaiul 
<*l Hawaii (September 1969). An inicrcsiing lealurc ol 
the drift bottle results h that few bottles placed ttioic 
than 75 kilometci.s olfsliore have relmned to the coast. 


This result is coniisteiit with the assumption that the 
surface waters me nearly always moved offshore by the 
prevailing wind. 

Geostrophic Flow Calculations 

In the open ocean waters away from regions of 
effective boundary friction, unaccelerated and 
frictlonlcss flow is called gto,:*.roplilc (Earth turned). 
Tlic only effective forces acting per unit mass are the 
prcs.surc gradient, the Coriolis effect (to tlic right in the 
Northern Hemisphere), and gravity. Currents produced 
as a result of the slope of isubaric surfaces, which are a 
tunction of the density distribution of the water, arc 
«»llcd gridient currents. To express these density 
distributio.u as currents, some assumptions must be 
made: that the currents and density distribution arc 
steady; that no effects of friction exist either at the 
bottom or from wind at the surface; that some depth 
(perhaps 1000 meters) exists at which there is no motion 
and to which the density measurements can be 
referenced: and tliat above this level, all movcmcnl is 
liori/ontal and cast to west Tlic geostrophic flow, 
calculated from tcmpcratuic. salinity, and depth data, 
provides a reliable approximation of tlic actual motion 
Of the water from the time f rames exceeding I day (ref 
18). However, currents computed from density are not 
as reliable for nearshore waters because the 
assumption and boundary conditions arc not so well 
fulfilled and because other factors, such as coastline 
configiirations. varying depth, variable winds, upwclling, 
and oscillations of internal waves, influence the 
nearshore currents. 

DESCRIPTION OF CURRENT SEASONS 
FROM REMOTELY SENSED IMAGERY 


From 1970 to niid-1974. NASA obluiiicd a wcallli of 
imagery ol tlic ocean »»ff California with Landsut U-2 
blgli-altltude remote-sensing aircraft, and low- and 
nicdium-alllttidc aircraft. Tlicsc data sources liavc 
provided unique vicw.s of the coastal currents, from 
macroscale to iiiicmscalc and spread over the various 
oceanic seasons, and have given coastal engineers and 
occanograplicrs a tool with whicii the primary cmistal 
current systems may lie ir.iccd in detail. IHglKiltiliidc ’ 
reiiHitc .sensors produce cxtieiiicly cotnprelK'n.sive, clear 
linages ol tfie ,H:caii ‘iirface revealing large-scale 
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pl)entm)cna and relationships that often cannot be seen 
front u low altitude (heUtw 5000 meters) or from a 
surface perspective. 

Because coastal water is u complex inixlutc of 
solubles. Citllolds. siispcnsiods. and biologic substaiu cs. 
visible light is absorbed, scattered, and rellcctcd In tlte 
water column in different spectral bands and in varying 
amounts. Tticsc differences create variations in color, 
briglttness. texture, and contrast boundaries on imagery. 
Oceanic masses arc distinguished by tticsc imaged 
spectral variations. Nearshore current systems are very 
iinportunt in ctmncction with various crmstal processes 
and have a strong influence on the industrial, 
recreational, and engineering uctivities in tltc coastal 
zone. Tltc principal difficulties in obtaining field 
observations of nearshore currents arise from the fuel 
that tlic phenomena of current systems extend to the 
broad area in and near tlic surf /one. In the investigation 
of sediment transport In the littoral zone, not only must 
the wave characteristics such us licight. period, and 
direction be defined, but also the current field and 
bathymetry inshore and offshore of the littoral zone 
must be understood to ensure that models developed to 
predict sand transport adequately reflect the coastal 
parameters that exist In the prototype. It is not 
uncommon for Held observers to note tliat a not sand 
transport for any particular site will be opposite that 
predicted by wave characteristics alone because of the 
dominance of the oceanic current system over the wave 
transpi>rt system. What is needed is the development of 
models that superimpose wave induced drifts with 
oceanic current inducc<i drifts. Tiicrcforc. a good 
statistically reliable knowledge of the ncursliorc oceanic 
current vectors is basic. Unforluiuitely. quantitative us 
well as qualitative data pertaining to coastal currents otT 
the shores of the United Stales aic dcllciciit at present. 

As byproducts of attempts to define the nearshore 
currents that affect littoral transport mccliatilsms. 
valuable inputs have l>ccn obtained for sluJles 
concerning the locating ol sewage or tlterinal oulfallslo 
minimi/e adverse environmental effects and maximi/c 
the use of nutrient or thcniial levels in needy oceanic 
areas. Along the Caliloiiiia coast arc areas wliere oceanic 
cuireiit systems tend to move olfshorc during Ihe 
oceanic seasons. Therct'oie. nutrients that wmihl. It 
intrtMhiccd in the nearshore /.one, cause red tide hhHUiis 
tir other environmentally destructive effects ol similar 
iiiagiiiUulcs could l»e directed oHshore to arcus wlicic 
nutrient levels arc low. Ihortdorc, increasing t!.csc 
nutrimt Icvc's offshore woiiM increasi* the biohtgical 


productivity and lead t(» (he new establishment of new 
fisheries and ulliei Cinnmerciul concerns. Also, analyses 
of oceanic current systems will make possible flic 
dctcmilnatioii of areas In which |>ollutant*iich sediments 
IntiiKluced by rivers nawc into areas of upwelling and 
tlwrcliy pos.sibty reduce tlic expected productivity of 
these areas. 


California Coastal Currents 

From the discussion contained in tlic preceding 
sections of this papier, it should be obvious to tlic reader 
that very little is really known about the specifics of tlic 
seasonal variations of tlie California nearshore current 
systems. However, NASA remote-sensing tcdiiiolngy in 
tiidiands of occanograplicrs has provided data suitable 
for current definition; and. although sufficient imagery 
has not been acquired and analyzed to withstand the 
rigorous demands of statistical testing, a suitable 
quantity of data h available to document, witli 
reusonatilc confidcnc:..,^ primary current trends 
observed during the thrcqg^alifornia coastal seasons. The 
imagery used in this study came from that obtained 
during (he Landsat-1 orbits of late 1^72 to early 1974, 
the NASA 11-2 aircraft flights of 1971 to 1974. and the 
NASA Lyndtin B. Johnson Space Center (.ISC) aircraft 
(lights of 1969 to early 1974- Thousands of Individual 
image frames were analyzed to extract the bits of 
current vector directions tiiat have been asHetnbled intt> 
gciierali/ed seasonal current charts in tills section, as well 
as into generalized numthly charts in otlier puhlicalions 
(ref. I). It must he cinpliasizcd that the surface current 
sysienis presented Itcrein are those observed during the 
period 1969 to early 1974 and primarily during late 
1972 to early 1974, and that cyclic meteorological and 
thermal trends as well as sliorl-lcrm clitnatological 
jwrUirbalitms have luit been pro|K*rly fiUcicd to provide 
long-term current (tends. It is hoped that coiitiimcd 
acquisition of satellite and Ingli-altitudc aircraft imagery 
wilt provide surticient data that, wheti correlated with 
climatological variations, will yield a sample current 
analyses iliat can he used for temporal piojcctioiis. In 
addition to outfall and sand transport studies, current 
pmieclioiiH are seen to he incrcasingl/ important in 
environmental impact studies dealing vilh onshore tul 
production as well as the many problems enciiiiipassing 
coastal development. 

1‘igurcs I to 6 arc the results obtained Ironi analyses 
of the three primaiy coastal cufrciit ciiculation patterns 
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I'igurc 5. Generalized northern Californui Kurfucc currents for 
the upwcUing season. 
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off the coast of California. Tlie basic generalized current 
patterns were found t? i»e in general agreement with the 
results of occaiiogrup'tic studies previously discussed. 
However, never before had the complexity of the 
relatively stable' nearshore circulation been so graphically 
defined. Future investigations will determine if these 
generalized current patternr are as stable as assumed 
now, or if tidal effects as well as short-term 
nictcorolo^cal conditions cause perturbations that will 
frustrate any attempts to quantify generalized monthly 
current vectors in the nearshore zone out to 
approximately 30 kilometers. 

The techniques ured to define current directions, 
upwellings, and other bjsic surface parameters ranged 
from the simple use of photographic transparencies on 
standard light tables to complex digital processing of 
computer-compatible tapes from satellites. The 
machine-processing techniques were useful when it was 
necessary to contrast and enhance data to emphasize the 
subtle variances in densities and patterns that were used 
in describing circulatory systems. Multispectrat ratioing 
and other algebraic functioning allowed for tlicoretical 
depth of sediment, Icnsiiig, and sediment concentration 
analyses (ref. I). Because of the cost of machine 
processing, the majority of current interpretation was 
restricted to pliotographic transparency interpretation 
using eitlier a light table with stereoscopic viewing or a 
variable scale pr< jcctor. With the simpler viewing 
systems, the intcrpreier v^ews the coastal Images; screens 
out wind, wave, and bathymetry effects: and organizes 
tlie sediment density patterns into a current pattern. To 
do this effectively, the interpreter must be 
knowledgeable in the spectral response of the 
transparency that he is viewing, the magnitudes and the 
rctlcctivc characteristics of tha noise and parameters of 
interest; he must also have a basic knowledge of the area 
being studied. Wind effects were probably the im>st 
difficult form of noise encountered. Complex wind 
patterns can often be confused with upwellings, internal 
waves, nr island wakes. It is important that the 
interpreter use all experience as well as all the 
spectral cluimicls at his disposal to clliiiiiiate confusing 
noise. 

Figures 7 to M arc examples of the l.andsat-l. NASA 
Ames Research Center (ARC) U-2 airevaf!, and JSC 
aircraT; imagery, respectively, used in the coastal current 
analyses. The U-2 aircraft imagery scales of 1:130 (MX) 
were ioutui to he umsi useful lor detection of ncaisltore 
structures ami overall definition. Tlie JSC applied 
imagery scales, between ):I0(MMI ami l:4(HHH). were 
rxcciiciii tor Hi total /inie analysis, and the rariiis;ii-i 
scales of 1 : t 000 000 were appropriate lor studying tlie 
macroscopic features and <d‘fsln»rc tendencies. 
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1‘iguiu 7>- LundsnM linage (1183-18175*4), taken January 22, 
1974, of the California coast from Sun l^'ranclsco to 
Monterey. 


Oceanic Peruxi 

The California Current system dominates the 
nearshore surface current patterns during the oceanic 
|K*ri(Kl from July to November, tn tltc offsliore area, this 
current is the driving force of open ocean waters 
throughout the year. The surface currents arc driven and 
affected by gravity, friction forces due to pressure 
gradients, and C'oriolls acceleration. Movements of 
nearshore water overlying the continental shelf, 
however, arc affected to a greater degree by wind, tidal 
forces, and irregularities in the ocean bottom. Tltc 
features of particular interest in this study and often 
visible on higli-ultitude imagery lie within tliis 
continental sliclf /one. Before the use of rcmote-seiising 
systems, researchers studying local currents often iouint 
tiial shelf effects, combined witli seasotiul ritiiofr, 
frequently distorted the iicarsfiore etirrents MifUciently 
to make difficult a delerminulum of the regional 
cireulaliott. Laiulsal and litiagery graphically 


surface currents, when suspended material acts as a 
detectable tracer. The California Current has a 
continuous effect offshore even during the Davidson 
Current and upwelling current periods. 

The coastal current effects during the oceanic period 
are shown in figures 1 and 2. The California Current is 
the southward component of the clockwise circulation 
of the North Pacific Ocean. As this current slowly moves 
southward at speeds generally less than 0.25 ni/sec, it 
becomes warmer under the influen-^e of the Sun and 
mixing with the warm waters to the west. On the 
onshore side of the current are found the numerous local 
disturbances, which are of major interest in this study. 

Off Point St. (George, a large gyre is normally found 
offshore from ihe sandy beadtes and then souih for a 
distance as great as 40 kilometers. This feature includes 
the n.oving of fine sediment off the critically eroding 
beach 4 kilometers west of Crescent City. Some of the 
transported fine material from north of Point St. George 
Is moved back on shore south of Crescent City after 
bypassing tliis critically eroding beach. 

In the Humboldt Bay area, the sediment being 
transported is mainly from the Mad and Eel Rivers and 
has been observed moving southward and offshore to a 
distance of 100 kilometers from the entrance to 
Humboldt Bay. lb the south and west of Cape 
Mendocino, an eddy is usually present. This eddy is 
clearly vislolc during the oceanic period and appears to 
be contributing to the critically eroding shoreline 8 
kilometers southeast of Cape Mendocino. The erosion is 
affecting tlic stability of the highway along this stretch 
of coast. 

Between Cape Mendocino and the .San Francisco Bay 
entrance, a number of sediment gyres move fine material 
directly offshore. At Point Arena, a linear plume of 
lUiitcrial moves westward fur a distance of 
approximately 25 kilometers. The first 5 kilometers of 
this feature appear to be heavily laden with sediment. 
Farther offshore, settling and mixing of the material 
causes a gradual decrease in this visible pattern. 
Movement of this feature offshore into the California 
Current appears to be permitted by a small clockwise 
gyre IocuUhI just north of Point Amiia, Similar processes 
arc present off' Shelter C'twe. 

At Bolinas Bay, approximately 15 kilometers 
northwest of the Golden Gate, the predominant 
direction of littoral drift past the entrance of the lagoon 
is from east to west. Rciiiforcement of drift occurs 
during storms when the wind and the waves arc from Ihe 
southeast and during the Davidson ('urrent period. 
Because the shoreline adjacent to the Bolinas l agoon 
eiitrancw pwiiouicully enKies crnkally. ciiiteiiix ;md 
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Mgurc 8, AlwTuft image of Noullicfly wunvnts off the Monterey PcninHulu taken ffom an NASA Ames Retieareh (’enter U*2. 


sediment transport studies are essential in this aiea. A 
clockwise gyre that Is often present off the San 
Franciseti Bay entrance brings sediment frtnn the bay 
system northward into the Btdiiias area. This gyre is part 
of the twcral! Gulf of the Faralhmes current and 
transpe^rt cell. 

Some of the most c<miplicatcd hical currents along 
the ('alifornia coast occur near the ciUrattcc Sati 
I rancisetJ Bay. They result from the effecl un coastal 


currents of liigh current velocities through the Golden 
Gate during tloodtklc and ebbtide, of variatiotis in 
bottom topography, and of the highly variable wind 
drift, h slunild also be noted that rough water 
conditions, which arc often picamt in the Gulf of the 
Faraltones, have always made detailed survey ship 
crporatioiis extremely dilTicult. 

In Monterey Bay. the tdfshorc area extending \o 
ariinisximatcly kilonseters conlaito some enspended 
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I iiiturc NASA malhitiHillltucle aircutt iniafic o)' Point St. (icorpc. ( ulirornia. that shows the C aliloriiia ( tirrciit moving down 
from the north (top of the plioio^rapld uml a rettirn flow pyre from the east triphu. Oripioal pluHopraphy in tillered udor was 
taken on iaiiuuiy 27. t^74. diirinp elianpe from Davidson season to upwelliiip wason. 


seiliincMit tiuit loims a cresconi-slupcd pattern similar to 
the ctmtonr of llie hay. Two breaks occur in this 
paMein. however, The first is H kilotnctcrs north of 
Moiiterey and the second over tlic Monterey Sithmariiie 
(*anyon off Moss Laiulinp. These breaks appear as area*; 
of clear water in the nearshore suspended scdimeiil 
pattern. The Monterey Sulnnariiie (any on is ilie 
location of luitneious upweUiiir that are indicated hy 


lower temperature lenses, which move l4i the norlli and 
soiitlt of the canyon itself. The tcatme S kilometers 
mirth of Mimtrrey appears «o he a divergence hetween a 
small cloekwise ‘yrc in the stmthern end ol llie hay ami 
a countercloekwise pyre north to the Monterey ("anyon. 

The coastline Ivlwcen INmiiI ('onceptinn and the 
Mexican h<irder is considereil as a sinpic system, which 
lias heen descrihed as the Southern raliltirnia Biphi. It is 
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caused by the sliarp eastern break of the coast south i>f 
Point Conception and the resulting indentation that 
extends for 575 kilometers to Cabo Coinctt m the Baja 
California coast. The bight modifies the southern flow of 
the dominating California Current. TIu hydrodynamic 
discontinuity forms u return eddy as well as a 
semi-independent system of water circulation within tlie 
bight. This system is called the Southern CulifoTnia 
Countercurrent and is a combination of converging 
southern, western, northern* and upwelling waters. What 
is generally seen during the oceanic period in the bight is 
a counterclockwise gyre that passes northward through 
the eight Channel Islands. 

in the oceanic period, a small plume of suspended 
material moves south and southeast around Point 
Conception and Point Arguelio. This plume represents 
the split between the southward-moving California 
Current and the material entering the California 
Countercurrent gyre in the western Santa Barbara 
Channel. The counterclockwise movement Is apparent 
along the Channel Islands and then coastward tea point 
between Point ConceptUm and Goletu Point. At the 
same time, the nearshore sediment transport is toward 
the cast. 

Within the Santa Monica Bay. currents and sediment 
transport arc clockwise along the coast to Point Fermin. 
Very little material rounds the peninsula because of tlic 
combination of Santa Monica Submarine Cany*'n 
sediment capture and offshore sediment movement. 

South of Point Fermin, the nearshore transport is 
normally southward. Sou lit of Long Beach. trans|>ort is 
mixed or northeastward. In the vicinity of Dana Point 
and Oceanside, current transport is often offshore to 
approximately 3 kilometers, then southeastward. 
Although the watcis off San Diego contain liiilc 
suspended sediment, the transport is noroially seen to he 
southward. 

Davidson Current Period 

The complex movements the various surface 
currents that occur during the Davidson Current perioi) 
arc itiust rated in figures 3 and 4. Normally, the main 
intiuencing curretit on the coast is the Calilornia 
Current. However, during the period of approximately 
November to February eaci* year, the Davidson ('urrent. 
a northward-moving count r urrciit, is lltc dominant 
inshore transporter of water and suspensates. 

The Davidson (urrent Is generally a deep 
countercurrent below 200 meters that flows 
northwealward along the coast from Baja (‘alilorri. . to 
sjimc ;v tvjyoiul C'ane MendciL-ino. It hriiigs waMUCf. 


more saline water greater distances northward along the 
coast. When the north winds are weak or absent in late 
fall and early winter, this countercurrent forms at the 
surface, well on the inshore side of the main stream of 
the California Current. The evidence for this current is 
visible on the imagery and supported by temperature 
contours and current measurements. The tcni}>crature 
conti)urs in the eastern Pacific Ocean bend northward 
along the coast during the height of the Davidson 
Current activity; the most dramatic changes occur in 
February. 

In general, figures 3 and 4 of this period illustrate the 
greatest concentrations of nearshore northerly moving 
sediments offshore to a distance of 4 to 8 kilometers. At 
several points, significant volumes of sediment move off 
the coast and join the southward-flowing California 
Current. 

In the Los Angeles Harbor area, materials from tlie 
Los Angeles. San Gabriel, and Santa Ana Rivers move 
offsIuKC and westward under the influence of the 
Davidson Current. Inside Los Angeles Harbor, an 
cast -southeast ward current is in effect. Outside the Los 
Angeles breakwater, a slow-moving westward current 
appears to dominate the nearshore sediment tnovemetu. 
Suspended sediments in Santa Monica Bay ring the hay 
with a 4- to 8-kilomctcr-widc border. This hand of 
sediment appears to he escaping tlie bay area to the 
west, around Point Dume. Tins movement agrees wilii 
the general Davidson Current pattern. Off Point 
Conception, the Calilornia Countercurrent in the area 
between the mainland and the Channel Islands u| pears 
to pick up and transport s’: ■)c,idcd particles offshore 
into a complex pattern region that is inlliicnccd by the 
CaUfoinia Current. 

Tlie Monterey Bay surface waters arc reported to Ik 
exceedingly uiiiftmii during the Davidson Current 
period. Tlie average tcmjierature difference between any 
pair of stations is slightly less tliaii 0.25® C. Nir regular 
pattern of tcni|Krature distributum is discernible. The 
general northern trend ol the sus|Kndcd sediment, 
however, appears to coiitliuie in Monterey Bay: the area 
from Moss landing to Santa ( lU/ contains lw(> 
chKkwisc gyres. 

In the Gulf i>f the Faralloiics, a complex surface 
current and sediment transport system is present. A large 
chKkwise gyre is presoni td'f the (iolden (kite Biidgc 
reaching Irmn the San Francisco area northwest to the 
vicinity of Boliiiav Just norlli of Point Keyes at the 
tii 4 »utli of the Russian River, the distinct iiortUem eftcct 
of the l)avids<Mi CurTciit is illustrated. Tlie inajoiily ol 
the movement lakes place within 5 t> kihmici .'is ot 
I lie coast. 
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Upwelling Period 

During t\\p upwelling period (March to August j, 
winds parallel to the coast move surface waters offshore 
and allow deeper ocean water to surface. This effect 
seems to be intensified near submarine canyons and 
south of capes and points that extend into the current 
stream. On the current plots, figures 5 and 6, the process 
of upwelling is illustrated near Crescent City, Cape 
Mendocinj, Point Conception, Half Moon Bay, and 
Monterey Bay. These colder upwelling waters arc often 
rich in nutrients with the additional result that plankton 
blooms often acconipiny this period. 

During spring, a gradual warming of surface waters 
normally occurs along the coast with the exception of 
tlic Cape Mendocino area. An extensive offshore 
upwelling extending from Crescent City to south of San 
Francisco forms u variation in the general warming 
trend. Similar features on a more local scale arc 
delectable by studying offsiiore tonal cliangcs on the 
imagery. 

SITE STUDY OF MONTEREY BAY 

A site study was |Krl\)rmcd to extend knowledge of 
the surface circulation of Monterey Bay, California. 
Monterey Bay is an important and growing residential, 
industrial, agricultural, tourist, and fishing area on the 
central California coast. To devchip the optimum 
|H>sitioning of industrial and municipal facilities, the 
placement or control of industrial and sewage oitifalls. 
thermal discharge, and liarbor |K)lhition must he 
investigated and backed by reliable data. To achieve this 
goal, a knowledge of the circulation patterns of the bay 
is needed. 


Description of Monterey Bay 

Monterey Bay is a nearly soniiciliptical cnibayment 
on the coastline of central ('atifornia. It is approximately 
.15 kilometers hmg from tuirili to south and has a 
iiiaxinmni indentatiiHt into the otien coast of 
approximately 18 kilometers. 

The hay is an area iif wide, Hal continental shelf 
bisected hy tlie deep iiitriisioii of the Monterey 
Siihmariiie (\myon, the head of wliieh Is very near the 
shore at Moss Landing. Mtmlerey Hay can he consideied 
to he Ciunposed of three physiographic units: the 
northern ami southern sluillow shelves, and the canyon. 
The shallow regions are less than 100 meters deep and 


exceedingly Hat, whereas tlie submarine canyon has very 
steep sides and reaches depths of more than 1 500 meters 
within the bay. The presence of the canyon allows deep 
oceanic water access along the center of Monterey Bay. 

Skogsberg carried out the first comprehensive 
oceanographic investigation of the circulation regime in 
Monterey Bay (ref. 3). He occupied 23 stations located 
in the bay, taking measurements of temperature, 
salinity, and other chemical parameters. From his study, 
he was able to divide a year into dirce oceanographic 
seasons. Tlicse seasons have been standardised as the 
upwelling period, the oceanic period, and the Davidson 
Current period. Bolin, in a study of one station over the 
Monterey Submarine Canyon for a 5-ycar period, 
confirnKd Skogsherg's work and refined the definition 
of these iHicanographic seasons. 

The upwelling period in Monterey Bay generally 
begins in mid-February or March and extends to late 
August or early September. Upwelling reaches a 
maximum in April or May and begins to decrease in 
June. The upwelling period is characterized by the 
ascending of cold subsurface water from depths us great 
as 150 meters: conseiiucntly, the various isotherms 
become nearer the surface. The surface water 
temperatures arc from 10^ to C in much of the bay. 

Tlic oceanic period tends to be rather sltort, usually 
occurring from September to ir.id-Novcmbcr. It is 
characterized by a strung vertical temperature gradient 
in the upper 100 meters and hy the highest sea surface 
temperatures ol the year (greater than 13® C). Both the 
upwelling and iKcanic periods arc assticiated with the 
southerly How of ihc California Current along the coast. 

l-fom mid-November to mid-February or March, tlic 
norriiwarU-tlowing Duvids«m Current is in effect. During 
tliis (K'riod, the countercurrent Hows at the surface near 
the coast. There are some indications from CalCOFI or 
fitmi gcostro)iluc compulations (ref 18) and drift-bottle 
results (ref. 15) that a northerly How may occur at the 
surface at other times of the year. During the Dividson 
Current period, the upper 50 meters tend to he w* 5 ll 
mixed and \o have a weak vertical temperature gradient. 
Davidson period surface temperatures are usually lower 
than duilug the oceanic |x:riod. hut not as hiw as those 
occuniiig during the upwelling |K*riod. 

ill this paper, the oceanic seasons have been averaged 
over a mnnbcr of years. Thus, for an individual year, the 
time of otisel ami lerniination of these seasons may vary 
hy as much as a month t»r two as a result of changes in 
the driving forces that cause them. 

Ihc prevailing winds in the area teiul to cor respond 
with the direction the oceanic cm rent. During the 
Davidson tx*rioJ, the prevailing winds are from the south 
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or southwest; during the rest of tlic year* when the 
California Current domlnutcs the coastal circulation, 
north or northwest winds predominate. 

U is expected that rotary tidal currents occur in the 
bay, but they have never been measured in situ. The 
tides exhibit a diurnal inequality with a mean range from 
mean high water to mean low water of 1 .16 meters and a 
diurp4i range between mean higiter high water and mean 
lower low water of 1 .68 meters. 

Ocean Currents 

Garcii, developed a theoretical mode! of the 
circulation pattern of Monterey liay using the shear 
Hows of the ocean currents that occur off the bay as the 
sole driving mechanism (ref. 19). The o|>cn coast 
circubrion varies throughout the year in a manner 
described by the three oceanic seasons, as discussed 
previously. Accordingly, the bay circulation was 
expected to respond seasonally as welt. 

During the upwciting period and the oceanic period, 
the offshore current flows southward along the coast. 
Collectively, these two periods arc called the Culifornia 
Current season after the predominant offshore current. 
During the Davidson Current season, the offshore 
current flows toward the north. 

The southerly California Current was expected to 
produce a counterclockwise circulation pattern in the 
bay, Eitlier a single-gyre or a two-gyre pintern appeared 
probable. Ikcausc of the symmetry of the hay. tlic 
division between tlic two gyres was cx|Kctcd to occur in 
the area of the Monterey Submarine Canyon with a 
nortlicrn gyre flowing in the same direction as the 
southern gyre. See figure 10 for locations described in 
text. 

The circulation in tlie bay during the oceanic perltid 
was expected to be different from that occurrh'g during 
the upwolling pcruHl even though the offsliorc ufrent 
direction was tlic same. Tlic lack of upwclliiig during Itic 
oceanic period and tlic associated decrease in intensity 
of iiortliwcst winds along the Pacific coast were 
important in causing a dilference in the bay circnlatjoii 
between the iipwellhigand oceanic periods. 

The norihward-llowing Davidson Current was 
txpeeled to cause the water in the hay to elrculale in a 
clockwise pattern. Imh this time of the year, either a 
singte-gyre ora two-gyre pattern was expected. 

These shear-lli»w«d riven nicHlels have been aih>plcdas 
the most pr<*hahle general circulation patterns expected 
In iHjciif seasonally in Monterey Hay. The imulels were 
used in iiitcrproling the results t>f tirilt-hottic studies and 
drogue studies and in rciinUe-seiising researcli. 


Drift-Bottle Studies 

To examine tlic varlatums of Monterey Bay current 
seasons, Rcisc conducted bottle drops that were divided 
into tlircc grmips to represent the oceanic seasons (ref. 
20). The lime limits of the seasons were categorized 
according to the expected times of the scasiins and 
supported by the results of the CalCOFl drift-bottle 
study (ref. 1 5) and a gcostrophic current study (ref. 18) 
for the time of the drift-bottle survey. 

Drift-bottle results for the upwelling period indicated 
a variable current along the northern shore of the 
Monterey Peninsula. The current turned northward and 
Oowed upcoast from Monterey Harbor. A separate 
circulation was present in the northern bay. Tlie 
circulation along the coast was similar to that predicated 
by Garcia’s model if extended to the nearshore regions. 
The model predicted a counterclockwise gyre or two 
coumercliKkwisc gyres when a southerly current is 
flowing offshore as occurs during the upwelling period. 

Drift-bottle results from the oceanic period suggested 
that the current in the southern bay flowed in the same 
dlvcction as during the upwelling period, but with a 
weaker circulation. The bottle drift in the southern bay 
suggested a counterclockwise current pattern along the 
shore similar to that predicted by Garda’s shear-flow 
model. The returns from the northern bay were 
insuffleient to indicate whether a separate current gyre 
existed tlicrc. Tlio returns to the north of the bay 
suggested that the Davidson Current may have been 
present part of the time. 

Tlic drift-bottle results from the Davidson period 
appeared to fit Garcia's ticcan current shear- flow model 
as a description of the movement of the drift bottles 
along the coast. The apparent existence of a clockwise 
current pattern having a southerly current along the 
coast that turns west and flows along the north shore of 
the Monterey Peninsula suggested a two-gyre model with 
one gyre in the northern bay and the other in the 
souttiern bay. 

During tlie Davidson jKrimI, the surface circulation 
seemed to he contained within the hay. since few bottles 
left the hay. Tliose that escaped were «mly transported 
as far as the seaward side of the Monterey Peninsula. 
Also supporting the view id a relatively closed 
drculatitm was the fad that no bottles were fouiul north 
of the hay even thongli the predominant direction of the 
offshoic ciincnt was tiorlliward. 

Other Current Studies 

Although to compare ineasuremenis nuulc using 
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I Ijsiirc 10. Uoncfali/cil Monterey Hay oceanic Kwwn. Surface currents woie obwrveJ lo be iluininuleil by the driving foK« of the 
i'alifurnta ('urrent. Tw«i large countcrckickwi^* gyres were uminujnly observed to be split by tlic Monterey Submarine Canynn 
>^ith a smaller third cHkIcwIsc pattern illrcctly ofl Moss Luniling Ilufbor. Drill along the northern side of the Monterey Kninsula 
varieil from ea-^twanl U\ wcslwurik and diveigcncc of currents to lire ninth of Seaside and off the moutii «>! tlie Hajani River was 
oimiiion. ( onvergcnl currcnls near the mouth iif the Salinas River. Needle Riwk l»i»itil. ami l yptess Point were jiIm» tTe(im*ntly 
obHnved. 
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dirfcrcnt methiids and done at different times Is 
difficult, several studies of the circulation in or near 
Monterey Bay are useful for comparison with the results 
of this study. For example, Stevenson performed a 
current drogue study in the southern part of Monterey 
Bay (ref. 21). Stevenson observed the simultunctuis 
movement of drogues at depths of 0.6, 1.2, 2.S«and 4.3 
meters tor periods not exceeding 6 hours. He conducted 
two surveys in August and October l%3 and eight more 
between January and March H164. 

Stevenson found that his drogues moved in directions 
to the right of the wind for wind directions other than 
northwest. For moderately strong northwest winds, his 
drogues moved substantially to the left of the wind 
direction. 

In u period of tight winds during the Davidson period. 
Stevenson s results show the drogue trucks to be much 
farther to the right of the wind than would be expected 
for pure wind drift. Ttie extra movement to the right 
may have been due to the clockwise gyre predicted by 
the Garcia model for this time of the year. These results 
are interpreted here as wind drift superimposed on tlie 
oceanic component driven by the Davidson Current. It is 
considered that the diminished wind drift due to weak 
winds made the oceanic component more prominent 
than during times of stronger winds. It was concluded in 
both Stevenson's study and in drift-bottle studies that, 
except during periods of calm, the dominant driving 
force of the surface circulation is the wind m the sliallow 
waters of the bay. 

Stoddard (ref 22), in a study to test the feasibility of 
shore-based radar in trucking current drogues in 
Monterey Bay, released a total of 4 1 parachute drogues. 
Hie drogu<'« set at a mean depth of approximately 
14 meters and were tracked for ficriods of 6 to 20 luuirs 
and occasionally longer. Most of the drops were in the 
southern buy, but a few were in the northern hay utul 
some seaward of the bay. The pcriiHl covered in liis 
study was August to Ntwember 1070. Current speeds 
measured by the drogues were generally between 0.1 and 
0.2 m/sec. 

Stoddard's results seem to indicate a clockwise 
pattern in the hay during tlte Davidson Current period 
and a counterclockwise gyre during the time id the 
California (’urrent. The oceanic current prevalent at 
these times was dctcrtiiincd from drogues tracked 
seaward of a tine hetween Santa ('r«/. ami FoinI Finos. 
He concluded that the oceanic currents were prohahty 
the dominant driving force of ilie bay circiilaiiim, with 
the possibility of tidal forces being impmtant in Hie 
sbnitower regions of the i>ay. It slnmUl be noted that at 
the depth at wliich drogues were placed, die wiml-ilriven 


effect V' 4 S probably weak except at times of sustained 
high winds. It may thus be expected that tlic effects of 
the ocean currents should dominate the current pattern. 
Stoddard's results generally agree with the buy 
circulation model of Garcia and with drift-bottle 
observations. 

Drogue studies were also perfornicd by |>ersonncl of 
the Naval Postgraduate School and from tlic Association 
of Monterey Bay Area Governments (AMBAG) from 
June to August 1972. In two drogue studies in June and 
July, a r|(Kkwisc circulation was indicated for the 
southern bay. Tins clockwise circulation is opposite to 
the counterclockwise circulation predicted by Garcia's 
model for the southerly oceanic current expected fur 
this tine of year. Drogues tracked in the northern part 
of Monterey Bay in early August indicated a 
counterclockwise circulation cell in the northein bay, 
with How out of tlic bay along the northern coast past 
Santa Cru/. and to the northwest. Drogues tracked in late 
August in both the nortlicrn and southern bay appeared 
to indicate a counterclockwise gyre for the whole bay 
with northward How out of the bay. 

Ill June and July, as stated, the results were contrary 
to Garda's model if the direction of the ocean current 
flowing along the open coast were southerly. The 
supposition of u southerly ocean current during these 
months may have been incorrect for 1972, since 
variability has been shown to exist from year to year by 
the CulCOFI drift-bottle study (ref. 15). Three of tlic 
four AMBAG drogtte studies appeared to indicate a 
Iwo-gyre current putterii, whereas the oilier dcfiiied a 
single gyre for the whole hay. The average speeds were 
similar to those obtained from the drift-bottle results. 
Ttie AMBAG drogues were designed to show tlic 
intluence of ocean currents, us Stoddard's results did, 
rather than wind-driven transport. 

A regular CaK'OFI drift-bottle station was located in 
the seaward edge of Monterey Buy off Santa Cm/ (rct‘. 
15). Some drift-bottle returns from this station 
suggested a counterclockwise circulation pattern 
extending from Mmitcrey Ikiy to Ano Nuevo Point or 
possibly farther north. The drop of April 1956 a;i|K‘ars 
to illustrate this palteni: 5 to 12 days after being 
dropivd. bottles were found along the coast mirth of 
Santa Cru/ to approximately HO kilometers south of San 
l iaiicisco; 37 to 94 days later, bottles from the same 
drop were found in soiiihcrii Monterey Bay. The oceanic 
current at that lime appeared to he directed southward 
according to the returns Iroin other nearby drop 
stations. 

Fammers (ref. I.)) and Mooiiiy (ref. 24) deduced the 
gcostiophlc circulation of the bay Ironi the teiiUKrature 


Htruclurc o(‘ the water. Lammcrs' results appear to agree 
with CiurciuN pmpoik^d buy circulation pattern for 
October to April . hut the twc» differ from the period of 
May to September. Moomy*s results for gcostrophic 
currents determined friuii surface sigmu-t values appear 
to agree with the current gyr^^s predicted from Garda's 
model during all three oceanic seasons* with results of 
the drift-bi)ttlc study* and with a number of the 
AMBAC drogues tracked at the same time as Moomy's 
study. 

Because of failure of the assumption for gcostropliy* 
the iiKthods used by Mimmy and Lumincrs may not 
always be effective. Salinity variations* which were not 
cimsidcred by Lamm, rs* can signincantly affect the 
deternunation of gcostropliic currents. Additionally, 
Monterey Bay surface currents are weak and may be 
perturbed by local winds, bottom topography, or tidal 
forces. Changes in offshore eddies or meanders may also 
cause these approaches to circulation determination to 
be misleading. 

Wind 

Tlic seasonal wind regin;^ im the Culifomiu coast* 
including the Monterey Bay irea* is reflected in the 
seasonal offshore current patter is. When considered on a 
short-term basts* tlK* winds blowing over Monterey Bay 
are variable in speed and direction in response tti the 
changing synoptic weather conditions and to the local 
scu-la.vl brcc/c circulation in the vicinity of the coast. 
Tlicsc local wiiuis drive rclalivoly transient currents in 
the buy. TIte following is a discussion of Ihese iratisicnt 
systems. 

Tile dominant wind in Monterey Bay* us on most of 
tlie California coast* is from the northwest. This wind 
direclhm may \k attributed largely to the presence of 
tlie quaKi-perinanent subtropical higli-prcssure cell that is 
centered off the California coast. In addition* a diurnal 
pattern of onshore-offsiunc winds is present along the 
Monterey coast during nms! of the year. The stronger 
afternoon sca-lnec/e component is characteristically 
fn>m the northwest* whereas the low wimispeeds foutui 
at night iiul in the early inoriiing are usually offshore. 

Tlie hkinan wind-drift iiuhIcI predicts that in the 
uhscncc of a c«Kistal harrier, a water mass will tend ttt 
move in a direction 45 ‘ to the right of the wimlin deep 
water in the Noilheni Ifeinisphcre- As the water depth 
decreases* the angle diminishes until* for shalliiw depths, 
the water moves in (he direction of tlw wind. The water 
ilepth is actually a relative d^'plh gewerned hy the 
vvimispecd; that is* as the wiiulspceil increases* the 
relative depth hecomes smaller tiet. 1^). 


Tire angle between the current direction and the net 
wind direction over intervals lius been determined. 
Careful examination of the data showed that Houthcrn 
Monterey Btiy currents moved significantly to the left of 
the wind (hy us much as HO^ to 100^) when uss<H:iated 
with a northwest wind direction and that current drift 
for other wind directions was generally approximated by 
the likman model. 

It is iiypothcsi/cd tliat a iiorthv.'cst wind induces a 
strengthening of the northward longshore flow in the 
extreme soutlicrr end of the hay. 

The componei.ts of the buy currents caused by winds 
and by the offshore currents may act to reinforce or 
oppose each other Keinforccmciit appears to iKCur 
frequently in the simthcrn bay for northwest winds 
during the months when the California Current flows 
along the outer cosisl. Winds seem to be the primary 
cause of transient surface currents in Miuthcrn Monterey 
Buy. 

In summary, allhough the effect of the Garciu-type 
model is evident* the apparent direction of current 
niovetnent in tlie bay is determined by the wind 
direction much of the time. 

Waves 

l^ir the case of wind waves* It appears from Stokes' 
tliird-order theory that the surface transport due to 
waves is less than a tenth of that priHluccd by wind fref. 
26* p. 324). Accordingly, the mass transport due to wind 
waves may he considered a part of the wind-driven 
Iruiisporl. it is tliercfore considered tiiul winds alone 
effectively represent the combined c ft eels of waves and 
wind in moving the sinfacc water. 

Tides 

Tides can be an ini|H>rtaiit current-causing fora* in 
coastal waters. Tides in Monterey Bay. as for most of the 
Paciftc coast of the United Slates* are of IIk* sctnidiiiriial 
mixed ty{K'. This pattern of tides leads to a rather 
complicated pattern of tidal ciiironts. l idal curronis on 
the open eontinenial shelf in the Noitherii llemisphere 
arc rotary, turning clockwise and completing a cycle 
every 12 4 hours. Because of the iiicqualily oj the tide 
heights and times* the two tidal currcnl cycles day 
dilfei tit speeds iiul in late of ditection ehatige. 
However* from one day ti> tiic next* the dhmuil pal tern 
is appioximalety ie|U'ated so llial little net lidal 
transport of water oceiiis. Tidal currents of this 
cluiraclcr occur off the enliance of San I'laiiclsco Hay* 
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and It Is probabk that u similar tidal current pattern 
exLU In Monterey Bay. 

No attempt at measuring the tidal currents uvei the 
broad shelves of Monterey Bay has been successfuK 
alihougli tidal currents with velocities as high as 0.5 
m/scc have been observed in the Monterey Submarine 
Canyon (ref. 27). Tidal current tables for the Pacific 
coast describe the tidal currents in the bay us weak and 
variable. La/anoff, In an unsuccessful attempt tu verify 
Hansen's hydrodynamicmumerical model for Monterey 
Buy* concluded friim his examination of current data 
that he could make no direct statement about tidal 
current velocities and directions, but suggested that the 
current velocities are probably less than 0.05 m/scc (ref. 
28). 

From drogue study results, it appears that tidal 
currents arc not important in net long-term movement 
of the water in Monterey Bay and therefore, because of 
tlicir rotary nature, have a negligible effect on the 
average flow. 


MONTEREY BAY CURRENTS 
FROM REMOTELY SENSED DATA 

From the preceding sections, it may be observed that 
the Monterey Buy surface current circulation system is 
complex, difficult to model, and poorly understood. 
Remotely sensed imagery of Monterey Bay was used in 
an attempt to clarify the mixture of models and study 
results and to present a qualitative picture of the 
gencrati/cd seasonal current systems observed during the 
period October 1971 to February 1974. Flights over the 
site on 59 separate occasions produced data sets 
appropriate for current studies. Of these. 39 were from 
Laiidsat-I, 12 from NASA U-2 aircraft, and 8 from 
either NASA C-130 or P-3 aircraft. Because of film 
density and sficctral selection characteristics of the 
Laiidsat-I sensors, only eight Landsat-1 images could be 
considered excellent in current-evaluating quality. 
However. 7 of the 12 U-2 flights produced excellent 
current presentations as did 6 of the K medio m altitudc 
airenft flights. It was found that a liigli-resolulion color 
film (flUered to be dominant in the yellow range of the 
visible siiectruni and expiiscd at least two f-slojw more 
than the normal land exjiosure) produced the Iwsl 
current images for llhn products as did the 500- to 
000-nunomcter clumnot i>f the Landsat-1 nuiltispcctral 
scanner. 

Imagery selected tor analysts represented all three 
«iccanograpliic siMstiiis with an assortment of wind and 
wave amdilioiM. .Seasimul sets were produced, and. from 


these sets, three current charts (flgs. 10 to 12) wore 
developed to represent the gcnoralUcd current patterns 
expected at the peak of each season. The U-2 
photographic imagery was found to be bert suited to this 
site study because of Its scale characteristics (1 : 130 000) 
and resolution. 

During the Monterey Bay oceanic s.^usun. surface 
currents were dominated by the driving force of the 
California Current. Two large counterclockwise gyres 
were commonly observed to be split by the Monterey 
Submarine Canyon with a smaller third clockwise 
pattern directly adjacent to Moss Landing Harbor. Drift 
along the northern side of the Montctcy Peninsula varied 
from eastward to westward, and divergence of currents 
to the north of Seaside and off the mouth of the Pagaro 
River was common. Convergent currents near the mouth 
of the. Salinas River, Needle Rock Point, and Cypress 
Point were also frequently observed. Hie oceanic scasem 
plot (fig. 10) seems to agree with the primary results of 
both the drift-bottle study and the drogue studies. Also, 
it can be seen that tlie dual-gyre circulation could have 
been misconstrue.1 to be a simple gyre because of the 
Moss Landing cell trauaport link. 

All currents observed during the oceanic season seem 
to be rather weak with wind effects present but 
transitory. Red tiU.: conditions observed during the 
oceanic period may have resulted from the pimr 
circulation of the surface waters coupled with the influx 
of nutrients from sewage outfalls and solar heated 
surface layers. Circulation was minimal off Seaside 
during October 1971 when large blooms of red tide were 
imaged (fig. 13). 

Tlie Davidson Current season during winter is 
represented by figure II. During this season . Monterey 
Bay currents are driven by a northward-flowing coastal 
current lhat protrudes Into the bay. Inshore t>f litis 
current, three clockwise gyres form; the most massive of 
these is present off Moss Landing Harbor. Bcc;iusc of the 
higli velocity of both north and simth winds expected 
during winter conditions. Fkman wind*diift phenomena 
linked with titc driving power of the Davidson ('iirrcnt 
prothice clockwise cells in the inner, eastern imrtion of 
tlie bay. Tlic Mimtcrey .Snhmariiic Canyoti plays an 
important part In the development of the Davidson 
season circulation by channeling a litgii volume of water 
deep Into the bay. A high correlation exists between 
current plots and balliymclry. 

The upwelling season dig. 12) is of importance in the 
bay because as the southward-flowing ('alitornia (\irrcnt 
is estuhlished in spring and smiimet and the north and 
northwest winds freshen. iipvvcUing <d cold and 
nuiiieni-rkh water occins ovei trie MiiinMiiiiv Cii yon 
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1-igurc II. (icncrali/xd DavidMm curicnt season. ThW season finds Monterey hay currents h'ing driven hy n norlliward-t1i>wlnK 
coastal current that iHoirudes into the buy. Insliore of this current, three cluck wIh^ gyres arc formed: the most massive Is off Moss 
haoding Harbor. Because of the high velocity of both north and south wliuls extH;cicc*i during winter cundltiuns, llie l.ktnan 
wind«drift phemmiena linked with lire driving power of the Davidson t'urrcnt prtHluce clockwise cells In the inner, eastern portion 
of the buy TItc Monterey Subtiiarinc Tanyoii plays an lmt»ottant purt hi the develop me «it oftlte Davidson season circulation hy 
chaimeting a high volume <»f water Into the hay. 


REPRODUcmiLrfy op th« 

ORIGINAL PAGE 18 POOR 






r 




MOSS 


Jcl- 


m 




l igutc 12. Generiili/.ea upwdllng curruiit seuwm. This season Is of linpoitancc In Ihc Imy because as (he wuthwiinl-llmving 
California Current establishes Itself In spring, and the north and northwest winds Ircslien. the upwelhngs of coW amt mitrlciil th li 
water otetiT over llie submarine canyon ami adjaceiil to Aplos. The tliree upwcHlng areas (U ^ shown on the current plot have Iwen 
observed from space as well as by medium- amt liighaKitude ;M'crafl and surface mei-surcments. The prlncipalcurrenl trends are 
the foniiution of three gyres similar to those of the oceanic periotl, hul Unated nuue (o the north and moving at a higher vebnhy 
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siynoptic *'big picture'* with respect to nearshore surface 
currents along the coast of California. Recently evolved 
techniques applied to the expanding data bank of 
imagery afford greater deflnitlon of sea surface 
dynamics. Concurrently^ surface observations have 
assumed a new importance as they arc required to 
provide sea truth for the observed sea surface 
phenomena. 

In this study, we have demonstrated the capability of 
different sensor systems for use in defining the oceanic 
and nearshore surface cunents. At this time* we do not 
know that what we have observed can be stated to be 
absolutely correct in its generalized content. However, 
we do feel that the observations and analyses performed 
for the California nearshore cunent seasons make up as 
good an evaluation of the nearshore currents as found 
anywhere. We recommend the use of the remote-sensing 
tool, especially the U*2 imagery, for any nearshore study 
in which large spatial reaches are to be observed. The 
questions raised as to the abf^olute velocities and 


13.- Southern Monterey Bay and Monterey Harbor area 
photograplicd on October 4» 19?. < from an altitude of 
10000 feet. Original photography wa» filtered in coloi and 
defined eurrenn, sediments, and Gotthuhx polyhedra (red 
tide) bloom. 


and near Aptos. In the aircraft imagery, the upwclling 
waters appear darker than the normal surface waters and 
wuvelike rings are common. The three upwelling areas 
presented on the upwelling season current plot have 
been obsen od from space as well as by medium* and 
high-altitude aircraft and surface measurements. The 
principal current trends arc the formation of th,cc gyres 
similar to those of the oceanic period, but located to the 
nortli and moving at a higher velocity. Sediment patterns 
early in the upwclliiig season ate shown in figure 14. 


CONCLUSIONS 


Tlie nearshore surface currentH along the coast of 
California have been seriously studied by numerous 
investigators for tlie last 50 years, liarly investigators 
could only obtain tocali/ed current data, ami spatial and 
tcmiHual characteristics were inferred by assembling 
tnosah s of local obscrvaiioiis. Wilhin the iiist few years, 
aircraft and satellite remote sciis.>rs liave obtained the 


bigatu 14 . Moss I.atuling area photogrupticd from .iii ARf' 0«2 
iiircraft on April 4. 1 974. Upivr sedliaenis ate fioiii the 
Paiaro Kiver. Darker cenier sedinicni%arc froin nwn i.uiiding 
iliifluir. am* lower sodiniciils arc from the Salinas River. 





directions of coastal currents will only be answered after 
much more surface data are taken and compared with 
additional aircraft and satellite imagery. 
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C>5. South Louisiana Remote-Sensing 
Environmental Information System 

/. Paul Gordon,^ Robert H. Schroeder,^ and Robert H, Cartmllfi 
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I 


The New Orleans District of the U.S. Army Corps of 
Engineers encompasses approximately 60 percent of the 
State of Louisiana and small portions of the States of 
Texas, Arkansas, and Mississippi (fig» 1). The southern 
third of the district may be described as one of the most 
unique areas in the world with reference to the diversity 
of water resource interests, i am a water resource 
planner in this district. 

The single most important contributor to the 
landscape of southern Louisiana is the Mississippi Rivc^, 
which drains approximately 1 250 000 square statute 
miles or approximately 41 percent of the surface area of 
the continental United States. In the southern half of 
Louisiana, the flow of the Mississippi is accommodated 
by its main channel and by a distributary known as the 
Atchafalayu River. 

Once, 5000 to 6000 years ago, the course of the 
Mississippi was located near the course of the present 
Atchafalaya. Over the last few thousand years, however, 
the course of the river drifted gradually eastward to its 
present location and left the ancient delta to the whims 
of alluvial subsidence and the lapping waters of the Gulf 
of Mexico. As a result of these processes, the delta 
gradually degenerated to a swamp. Tlie present 
Atchafalaya River was prohiibly formed in the 15th or 
16th century by a Mississippi River crevusse during a 
great flood. In the 1850's, a logjam was removed from 
the Atchafalaya in the vi':inity of iis confluence with the 
Red River to accommodate navigation; then, the 
Atchafalaya begun a steady increase in flow. During the 
next 100 years, flow f^roin the Mississippi to the 
Atchafalaya increased. In 1950. It became apparent that 
If the process was not checked, the of the 

Mississippi wtnild he captured by the Atchafalaya by 
1990. 

Figure 2 shows the Uiwcr Mississippi River floiHl 


“tl.S. Army Torps of t-nginccn. New Orlcuns, t auiMand. 
^^NASA l-iurlh Resources t.atH>ralt>ry, Huy St. Misslviippi. 



1‘igurc I.'- Uoundarien oi the New Orleans Dhirtct of tlic U.S. 
Army Corps of Kitgincers. 


control plan. Today, flow into the Atchafalaya River is 
regulated at the old river diversion channel to the 
proportions that existed In the late 1940's. In 
conjunction with the Morganza Hoodway and the 
Bonnot Carre Spillway, the control structure serves to 
regulate floods and thus to protect tin, cities of Baton 
Rouge and New Orleans and the industrial-petrochemical 
complex that has developed in the corridor hetween the 
two cities. 

Under authority first granted by Congress in l%7, 
we arc currently studying the unique siliiutions that have 
occurred since the growth of the Atchafalaya into a 
major distributary of the Mississippi. In addition to 
being the most important flood control outlet on the 
lower Mississippi, the Imin of the Atchafalaya presents 
one of the rarest environmcnlal hahttals remainiog in the 
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I igurc 2. Lower Mi^^sisKipiii River Wood control plan. 


world today. It comprises the largest remaihing natural 
treshwater swamp in tlie United Stales and supports an 
unsurpassed tisliery. in addition to its value as a 
recreation resource. 

A major flood control plait superimposed oii a 
delicate ecosystem such as tlie Alchal'alaya Basin 
presents prohlcnis that were previously iitienciHiniercd. 
A plan has been develo|Kd to divert approxiinalely 50 
percent of the Mississippi River How down the 
Atchat'alaya River. When inslitiiled. the plan sIhuiUI 
prevent 'Nilting tint** t>l the Atchalalaya and tlierehy 
maintain the hasiti in its present state tor a% long as 
possible. We are currently ctio|vraling with the 
eiivimiiincnta! coniiminity in developing iiiodillcutions 
to this plan that incUule componenis tor imimivtng 
eiivivoiiineiital i|itatity to ensiiie that tire linal plan best 
serves the oveiall public interest. 


:iH 


In an ctYort to develop the best plan and to include 
environmental concerns in all laccts of the planning 
process, the New Orleans District contracted with the 
lingiiieer Agency for Resources Inventories to prepare a 
comprciiensive dat:i>hase dociiiiK'iit. The atlas they 
prepared is a compilation of all existing data on tlie 
Alchafalaya Basin and includes dala on ptiysiographical. 
biological, and cultural elements in n<ost of soiitlrern 
Louisiana willr particulat emphasis on the Atchafalaya 
Basin. It also contains some 20 individual maps 
ithislraling these various characteristics. I*igure .1 shows a 
tynrcal map from the atlas. The atlas has provcil to he an 
invalii thle lotil and has been well received by local, slate, 
amt I ederal planiiim; agencies as well as by private 
citi/eiis* gioiip., :::ul envii unneulal iiiteiesis. In tad. the 
tiist piinting o| the atlas was depleted within abtnit ^ 
weeks, ami we aie now into a sivond printing. 

oWML t»m ra Mmt 
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I'iguK 3. - A typical map of southern Louisiana from the lingineering Agency for Resources Inventories atlas. 

Vegetation types arc shown. 


Although the atlas has been a valuable aid in tlic 
planning process* we rccognl/c that it has one major 
fault: many of the data sources used were several years 
old. The base map* Ibr instance* is nearly 20 years old 
and docs not retlcct recent dynamic geological changes* 
such as erosion by wave action along the Lmiisiana coast 
and active delta building in the lower part of the basin. 
Therefore* the topography itself could be in error. 
Cultural and natural features are no more recent than 
the data sources used. The atlas will obviously require 
periodic updating to remain a useful tool. Consequently* 
in exploring new ways to keep this document current* 
the Ne /v Orleans District has been working closely with 
the ’^'ASA liarth Resources Laboratory in an effort to 
d. ei 1111110 whether satellite-gathered remotely sensed 
data would he clieclive. Dr. Robert Carliiilll of the 
National Space Tecluudogy Laboratories at Bay St. 
Louis. Mississippi, lun worked closely with us on this 
project. The lolh»wiiig brief synopsis of the 
remote-sensing techniques used tt> update pin t ions of 
the atlas is presented by Dr. (brtmill 


The basic cnvironiiKntal atlas that was prepared by 
the >Vusiiington Corps of Engineers Topographic Office 
contains 20 different map categories. The Corps bruuglit 
us the atlas and asked if we couid help update any 
portion of it. Of those 20 map categories* we determined 
that three of them could be updated by remote sensing. 
The three columns to the rif^it in table I show these 
three categories and the breakdowns of each. We 
concluded that If we could* hy remote sensing, classify 
all tlic surface material* as in the column to the extreme 
left* we could then reproduce any one oi‘ the three maps. 
Basically* we started oft in a three-phase program. The 
tlrst phase was do the easiest thing first* so* we tried to 
get the seven basic categories hcforc attempting a 
twelve-class dassiiicalion. fit: seven are listed in the 
Arabic numerals of table L 

How do you do tliis ty|ie id thing? We went U> our 
Laiulsat tiles and found what Ciiveragc we had of this 
area. Because it rains so tmich in Louisiana* we had a real 
pndiicni tlmling cloud-free passes. Ligurc 4 shows the 
project area ami the Lmdsat frames that are required to 

fii»mmuciBiLrrY OP THB 2v> 
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TABLE L COMPARISON OF CATEGORIES FOR REMOTE CLASSIFICATION 


Remote-sensing 

categories 

Generalized 
land use 

Ecological 

zones 

Vegetation 

1. Agricultural 

1. Agricultural 

) . Cleared land 

1. Crops and pasture 

2. Urban/builtup 

2. Urban/builtup 

2. Cleared land 

2. Other 

3. Forest 

3. Forestland 

3. Woodland 

3. Forest 

a. Deciduous 


a. Bottomland 

a. Deciduous 

b. Evergreen 


b. Upland 

b. Evergreen 

c. Mixed 



c. Mixed deciduous 

4. Forested wetland 

4. Forestland 

4. Bottomland 


S. Nonforested wetland 


5. Marshland 

5. Nonforested wetlands 

a. Saline 


a. Saline 

a. Saline 

b. Brackish 


b. Brackish 

b. Brackish 

c. Intermediate 


c. Intermediate 

c. Intermediate 

d. Frcsli 


d. Fresh 

d. Frcsl) 

6. Water 

6. Water 

6. Water 

6. Water 

7. Barren 

7. 

7. Cleared land (?) 

7. Other 


cover it. As it turned out, no 3-consccutivC‘day, 
cloud-l'rcc passes ^cre available to us that covered ilie 
24 000 sifuarc miles of the project area. So the two 
outside passes sliown were in October, the upper two 
frames iif* the miditlc passes were in August, and the 
bottom one was in November; thus we were Taced with 
trying to classify this area frame by frunte. (a king each 
day or each seasonal pass we had, picking liaiiiing 
samples, and puslting Ihc images tluiuigh standard 
pattern recognition programs to produce a map. Hgiirc 5 
shows no* only Ihc entire map, glued together, but also 
the output of our first data processing step. This first 
step was to make a laimilatcd color photiuiiap for each 
one of the Landsiit frames; each map was made to a scale 
of 1 ‘ 1 25 000. We used these ma|Ys to identify what we 
needed to have in tiic way of I rattling sttmplcs by ci>h>r 
inlerpretalkm; if we had six sliades of water, for 
example, then we picked training samples to cover those 
six shades ol water. We were forliinate in having siimc 
WIL57 photogra[>hic coverage of the area which was 
used to positively identify tlie training samples. The 
Iraining sample data were aiialy/cd, gtniipcd into the 
requited classes, and put thr<uigli the pattern iccognilion 
program, h'igtire h shows the oiipul of this program. The 
result is a seven*ctass class! Ikation of this entire area; it 
has heen geograplitcally rectified. We have each mounted 


on a quadrangle sheet to match the Corps of Engineers* 
original atlas. 

A new technique implemented by c'ur laboratory is 
the ability to very quickly classify large amounts of data 
covering a large area. We use a table Imik-up pn'grain 
that was developed in Houston and inqilcmcnteti at out 
laboratory in Mississippi, its use has reduced the 
classification time over the cmivcnlional LA.HSYS II 
program hy a factor of about IK; thus the acatal 
compitter lime going from the map in figure 5 to the 
map ill figure 6 is now really quite insignitkant. Paul 
(tordon will now brietly ovalnatc the quality of this 
product and Its usefulness. 

We of the New Orleans District are quite pleased with 
the lesults that have come about from Ihc first phase of 
this ex|Krlmenl. Not being thcqnojcci engineer on the 
Atchafalaya Busitt project. I could only give you a 
cursory overview, really. But 1 have several of my <twn 
projects that involve saUiilly changes in the marsh and 
the second phase of this project will he exirenwly 
in I cresting to me. We may he able to develop a system 
whereby we can monitor lask-hy-task what is going on in 
the marsh and this is tlic major component of several 
studies that I am working on rigtil now. We are pleased, 
and we feel that (his will be a highly valuable source of 
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1‘igurc 4. Priijcii area and l^ntl^at coverage. 


data for ii|Hlating mir current atlases. We feel that In the 
future for the entire Corps setup, a system such as this 
iiwy l>e very desirable for updating such maps as ollu't 
districts might have besides mir own. 

DISCUSSION 

SCHWERTZ: I am Iddic Scliweit/ with the 

l.otiisiana State Planning Ofticc. Yiui said. I believe. It 
was 24 (M)0 Si|uare statute miles; if that's mU cotrccl. 
please correct me. What was the overall cost ol 
prodticing this seven-category general latui use inap'-^ 
CARTMILL: TItc area Is 24 .t.to Mpiafc slabite miles. 


I will give you a suitable hedge on the cost, because we 
don't have all our numbers In. As I say. we pttt this map 
together imly last Friday, and I have not received my hill 
from tite photographic laboratory, et cetera. I will say 
this about the co.st, if we make every contingency for 
tmtside cost with the exception of tlie depreciation of 
the $250 million dollars that went into Landsat, this 
thing was certainly done at a ci»st of less tlian a |KMmy 
per acre. I Lei very safe in saying that is the upiKi limit 
and right now if I were lit private husiiicss 1 would dt» it 
tor 2 cents an acre and really make money. Tm that 
contuicnt of the system. 

SCHWERTZ: You tncnlioned the months ot the puss. 
Was this 1074? 
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Ht*ure 5. Slinutalcd color*infrarcil |>liotoin;it> ol llw* priced afc;i. 


CARTMILL; The October (Kisses were in I ‘>74: the 
August iKisswasiii l')7.V 

GRATH: My name is John C'lraih ami I am from 
|.ouisiaiia State University Did you. over that span of 
tinw. lake inio account in your classifications llie change 
in stdar intensity and rellectivily of tire classes'.’ 

CARTMILL: No. the teclmi(|ue we use avoids that. 
The techniiiiie develo|wd by Pimluc reiinires training 
samples on each individual tramc ol l.andsat data. These 
samples are giuid only tor tiial pariiculai iranieol d.ila. 
Tills avoids the pridilciii ol making these kinds ol 
corrections; each classificatiou is an cinpiiical solntion to 
that particular data set. 


GRATH: You classified large areas. Did you go back 
to those areas to see if tlw classifications were valid'.’ 
CARTMILL: We are in the piiKess of doing that. We 
have these maps maiked witli a little tick inaik at every 
lOtlOO-nwter univeisa’ transverse Mercaloi tU'IMlgiid 
intersection. We have pholointerpreted each one of these 
locations using tlie aerial photography that we have and 
we are comparing the classification al the lick marks 
with the idioloinleipieted classification. 'Ibis work is 
only l.f percent complete. 
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C-6. Remote Measurement of 
Shoreline Changes in Coastal Alabama* 

C Daniel Sapffi 


INTPODUCTION 


The increased attention focused on the coastal zones 
of vari(His states has created a greater demand for factual 
information. Tlic seaward boundaries « tlie inland 
bounJarieSi tlic higli- and low^wutcr marks, and the 
lengths of estuaries are being measured. These 
measurements arc done by a myriad of techniques^ and 
yield results of differing reliability. Clearly, more 
objective techniques and more uniformity in 
measurement arc necessary. 


TRADITIONAL TECHNIQUES 
FOR MEASURING THE COASTAL ZONE 

The task of measuring shoreline lengths is not as 
simple as it may seem. Traditional methods of measuring 
distances on maps with an opisomcier (or map wheel) 
(tig. 1) appear to be straightforward but may be done in 
various ways, all tcgitiniatc, and all yielding iitconsistcnt 
results. Tlic failure is perhaps more a fault of the 
ojK'rator than ol tlie histriiincnti but may be a 
combination of both. 

Measiirciiients 4if area (fig, 2) likewise arc subject to 
variatimi because dilfcrcnt techniques arc used, 
mcchaiucal corrections are luit properly made, m 
addiliott and subtraction exercises are faulty. Tlie failure 
is perhaps most oltcii altrilnitcd t<r the operator, rather 
than to the sensitivity of the instrument (in this case a 
plaiiimeter), hut the whole system of making the 
measurcincnts may he faulty. 

An ilhisiratMm of inconsistent results obtained 
tluough traditional leehniques of lueasurcmont is in 
labic I. All 4if these agencies arc rainiliat . reliable, and 
de|>eudaiite. so the inconsistency is pmhahly not caused 

*A|*pn»viMt tor tniNKation l»y Ilk* Slate |!colngiNl. 

kuMiUi^K .it Survey ol AlatKima, UtiiverMty. AIjImiim. 



figure I . Opisomcier, u toot for measuring distance on a map. 


by a lack ol ability, but instead by the use of different 
criteria Idr inc isurement. For example, Imw far up are 
the estuaries fr'.lowc4l with a map wlicel when mcasunug 
the shoreline? The tidal limits? By a salinity dcfiniiion? 
At what scale is the measurement d«inc? Should inatis or 
phol<igraphs be used? Wl'al is tlie level of generalization? 
Standardization ot procedures Is sorely iiceiled. 

Table I shows that |Kople from five govetniuental 
agencies measured the shoreline of Alabama: the Army 
(oips of Ihigiiieers; the National Oceanic and 
AliiiostihLric AdinitiiK:t.ition (NOAA):NASA l.yiulon B. 
Johnson Space (Vntei (JSC) larth Resources 
l.fihoralory. and two state agencies, the Alabama 
iX'parliuciil 4*1 ( onscrvallon utui the th^dogical .Survey 
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^'llturc 2. • Planimcter, a UH>t for iiicHKurinjji area on a map. 


of Alabama. Totals vary by mure than two to one. The 
NASA measurement does nut include the entire 
Alabama shoreline since it docs not cover the Perdido 
Buy area and Gulf coast adjacent to Florida. 

Ttic Geological Survey of Alabama embraces the 
NASA measurement, although tliis work is not yet 
complete for the entire Alabumii shurcHne. A partial 
measurement of 878.S kilometers (546.0 statute milcsl 
has been completed for the segment from the Mississippi 
line to the longitude of Foley (87° 42* W) in Baldwin 
County. Measurement of the remainder of the shorclmc 
is being done by Kenneth Falter at JSC us part of the 
project just completed for the Alabama Devclopinont 
Office and the Alabama Cr.ostal Area Board. This project 
was funded by NOAA« with matching funds by the 
Geological Survey of Alabama. 

One obvious advantage of using the Uimts;U 


coiiipufcr*coinpatlhle tapes for measuring the slioicllne 
is tiuit this method hypas.scs the gencruli/.ation inherent 
to a nvip (he necess;iry omissions created by the 
cartographer in the name of clarity The (ape data 
dtscrhnlnatc the indentations and other intiicatc detail 
of upper estuaries and thereby priwUlc a less gciicrali/cd 
tncasurcmciil of the shoreline. Mgnre 3 illusirates the 
detail achieved. 


SELECTED CHARACTERISTICS OF 
THE ALABAMA SHORELINE 

The shoreline is indeed intricate, as the high-altitude 
aerial color-infrared photograph in figure 4 reveals. Such 
detail is elusive to tlic cartograplier coiu(>iling 
lucdium-sculc maps, and, to some extent, lutgc-scalc 
maps. Figure 5 is u mcdium-scalc tnap of the image area. 

The situaliim is critical because accurate shuictine 
lengths and other mcasitrenKnls of coastal /one 
cliaructeristics, such as area of wetland, arc needed for 
regional planning, allocution of F'edcrut and State 
funding to coastal counties for various projects, and for 
statistical purposes. Thcret'ore, uniformly administered 
nicasurcmcnts arc a necessity. 

Tlicic is anotlicr reason for desiring consistently 
applied measurements of shoreline parameters. This 
reason lies in the dynamic nature of the coastal /one. 
The geomorjduc processes of erosion and sedimentation 
continually modify shoreline coiinguration. and these 
nuulificalions arc accentuated by periodic catastroidics 
Hucii as hurricanes and attendant fItNiding. F'ifly-six 
IKrcciil of Alabama's shoreline i.« being oriklcd. and this 
erosion is critical in smne developed areas. Moreover. 


TABU* I. ALABAMA SHORLLINL LENGTH MEASUREMENTS 


Ageticy 

Tidal length 


Km 

Slat. mi. 

U S. Army C orps of Engineers 

491.2 

305.:» 

NASA l.yndon H. Johnson Space renter 

X7«.5‘' 


National Oceanic and Atinnsphcric 
Administration 

970.7 

607 

Alabama Departtnent of (*onscrvatton 

577.5 

.158.9 

(ieological Survey of Alahania 

HIIJ 

504.: 


^'^’artial niciisurcineiit oidy. icprcscntativc of iiovmal river 
dischuige 
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I'igure 3. - Line printer map nf Alabama shoreline. 


m»n almost rivals nature in his ability to inodlfy the 
coastal /.one, although nature usually prevails in the long 
run, Alabama's coastal zone Is shown in figure 6. As the 
map illustrates. Mobile Bay narrows northward until it 
terminates at the Mohitc River Delta. The western shore 
and the e*istern shore fringe tlic bay proper, 

A Landsal-l composite (Og. 7) shows the complete 
shoreline of Alabama and bordering Florida and 
Mississippi. The lower bay is being continually modlllcd 
by natural forces as well as by man's activity, liauphii 
Island illus^ates the changes taking place. In l*>.S0, tills 
Island was spaiaely Inhabited, as ilgiirc H shows, by 
P>60, development was already well underway. New 
dredge and fill areas have appeared on the Ice t northern) 
side of the island. Figure slu)ws that the tilling of the 
marshes is cot.llnuiiig. The (tiilf side o\ the island is 
being eroded by the longshore drift. In places, this 
er<*sion measitres over 60 me tors (2(K) feet) since IU4I. 

Tlie western tip of Dauphin Island is progiading 


v/estward toward Mississippi (ilg. 10). This end is 
uninhabited at present. It has moved l,S kilometers (0.9 
statute mile) since 194 1. Petit Bois Island, another 
barrier island, was astride the Alabama-Mississippi 
boundary in 1941 but is now completely v ithin 
Mississippi, Figure 1 1 is u liigh*alt]tudc aerial view of the 
two islands. Petit Bois Island is located to Hie left, the 
Dauphin Island spit to the riglP, and Petit Bois Pass 
divides Hiem. 

Dauphin Island was breached twice by hurricunes 
during the 20th century and a luimher of times during 
the I9lh century (fig. 12). Hurricane Camille affected 
the coast ol Alabama in August 1969. The washover fans 
on the spit are evident on an aerial photograph (tig. 1.^) 
taken immediately after the storm passed over, 

III contrast to Dauphin Island. Mississippi Sound is 
generally in e<iuilihrium. This condition does not apply 
to Hie wcstoMi side of Mobile Bay, however, where 
rc.ddcnts have been demanding tliat the Corps of 
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liiii^iuccrs protect them from Oic soutlilniund current 
tiiut erodes their pro|Krty. Hgure 14 illustrates the 
erosion occurring along this shoreline, l iginc 15 shows a 
variety of proleciive tneasurcs taken ;tk»ng some 
scgiiiviiis of this shofoliue. 


Tlic eastern shore of Mohile Bay has some erosion 
problems, but they are not as pronounced as those of 
the western shore. Pcididi>l*ass. bordering Morida. must 
he dredged practically cv *ry year to keep it open. 
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rigurc 13.- NASA high*altitudc aerial v|ew of Dauphin Island showing 
Hurricane Camille damage. 










I’igure 14. Kroded section along the western shore of 
Mobile Bay. 


i'igurc *5. Brotcetcil section along western shore of 
Mobile Bay. 


SUMMARY 
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Objective, systematic measurements of coastal /.one 
characteristics arc now a necessity, and the best way tf> 
measure is through use of techniques that bypass tlie 
map tn favor ot' remotely sensed data, whether in digital 
or Imagery form. The dynamic nature of the coastal 
zone lends special importance to sucti measiircinents. 
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C-7. Remote-Sensing Applications as Utilized 
in Fiorida's Coastai Zone Management Program 

Do»UiR. V/orky^ 




INTRODUCTION 

Tlic Florida Coastal Coordinating Council was 
established by the Florida Legislature in 1970 (Florida 
Statutes 370.0211) to carry out the following primary 
charges. 

(1 ) develop a comprehensive state plan for the 
protection, development, and zoning of the 
coastal Arne, making maximum use of any 
Federal funding for this purpose. 

(2) conduct, direct, encourage^ coordinate, 
and organize a continuous program of research 
into problems relating to the coastal zone. 

(3) review upon request, all plans and 
activities pertinent to the cirastal zone and to 
provide coordination in these activities among 
the various levels of government and aicas of 
the state. 

(4) provide a clearing service for coastal zone 
matters by collecting, processing, and 
disseminating pertinent information relating 
thereto.*’ 

Mitidful of these legislative charges, the staff ot the 
1‘loiida Coastal Coordinating Council recognized the 
nccessily for a ptanHiug/iiianugcmciit methodology that 
would illustrate the ticed for a llcxiblc coastal 
management plan atid would provide a basis for a 
imiltipic range of data input. 

*;STABLISHING ZONES 

The first task of the ctnistal ctmncil was to define 
the slate's coaslal /one and then develop a 
planning/iimnagcinent process for that area. IxMigthy 
research revealed that tlie most practical mclIuHl lor 
defining the coastal /one is to use physical fealUTCs in 
combination with hoiindarics of areas for which 
socincconoini<* data aic readily availahic. On this basis. 


the coastal council decided to use physical 
characteristics selected on the basis of terrestrial areas 
influencing the adjacent waters in combination with 
boundaries of selected census enumeration districts. 
Physical characteristics involve defining an area by such 
factors as drainage basins (fig. I), coastal swamps and 
marshes (figs. 2 and 3), selected freshwater swamps and 
marshes (fig. 4), and flood zones. Defined In this %vay, 
Fhirida's coastal /one has an inland boundary varying 
from 2 to 25 statute miles from the coastline (fig. 5), 
with the seaward boundary being the limit of Florida’s 
territorial sea. 

Within this coastal zone, the council staff has 
proposed a slate zoning system for land and water areas 
which recognizes three basic categories of management 
areas. 

( 1 ) Preservatitm (lU) further development ) 

(2) Conservation (Umited development permilted) 

(.1) Development (suitable for most intensive 

development) 


■ 



1 i^*iifc 1. hraiiuigi* bjsiii. 

PrcHCivatitiii aieas would ptolccl ccologic iiiiils ot 
sensitive tloia .nid t;uiiia as well .is .iteas ot dimes, 
marshes, and swamps, ('onseivation aieas wouhl iiwhide 
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those luiuls with soils utul topography suitable (or 
suituhlc with some minor ciurccliotis) tor intensive 
(levciopinenl. 

Areas throughout the coastal /one have been 
designated iuic of these three /oning categories by the 
CiKislal Ciumcil al ter cottsiderafion of the t'ullowing eight 
factors. ^ 

( 1 ) Siuls sititabilily of the area 

(2) hcologicai signiricancc ot the area and its 
tolerance to alteration 

(.)) Susceplihilily of the area to ilomting. hotU 
Iroin runoff and iuirric;mc«drivcn tides 

(4) Historical and ardtcological sigititicance of the 
area 

(5) Unii|iie feattircs that may wanant pintecthm 

((>> Water i|Uality standards in existing state 

regulations 

(7) Presciil laud cover aiul/oi use 

(H) (ieologicai taclors to the extent possible with 
existing infoiiiialion 

Twenty-nine suhcalegories constitute the coastal 
phenomena within the three zoning caiegoiies (table H 
Many Mibealegories are considered repreM.*ntative of ' 

coastal phenomena essential to Hoiida's ciurstal 
environment, such as: Iresliwaler marsties and swatnps. 
saltwater marshes and swamps, maiinc grass beds. IksicIi 
and dune systems, and hnliei zones such as 
woodlaiuhiiplaiid areas iuljaceiil to the wetlandunaiine 
systems. The proper matuigemcn! r»1 such coastal 
phenomena has become critical in l lorida as piesMue im 
these ciraslal lesoutces has coiilimied (o grow with » > 

increasvHl p<rt>iilalMm. sveallh. mobility. and leisiue time. 

J o date, imly llie plioioeiaphic lennue sensois have 
been usetl in Mijrptrrt ol the coastal couiicirs 
plaiiiitng'tnaiiagement inerhodtdogv. |o illusttate how 
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planning responsibUity. 


these sensors have been ulili/cd, the following products 
arc described rcllcctiiig Micir use on ttic broad 
application format to and including specific application 
as needed for data support requirements. 


The Florida Coastal Zone Management Atlas was 
received from the printer In December 1972 and widely 
distiibutcd during 1973 and 1974. To date, more than 
600 full atlases and more than 1500 county sets luivc 
been sent to govcrmncntal officials at all levels, planning 
groups, developers and real estate interests, consultants, 
environmentalists, and private citi/ens. Pancluomatic 
imagery with a range of dates from 1965 through 1971 
and a pliotugiapldc scute of 1 :24 000 was the primary 
data source used for the inventory reqtiircmcnts, witli 
supplemental data and ground truth verification used 
when necessary. Standard photoin tcrprclatUm 
procedures and cartographic application for map 
compilation were used in preparing the council 
methodology base maps. Tliirly>cight amtUy sets (four 
maps each, illustrating preservation, conservation, 
development, composite) were prepared in house (figs. 6 
to 9) at a map scale of 1 :C>3 360, which in turn were 
pimiogvaplhcally reduced to 1 ; 1 26 720, resulting in a 
final printed map formal size of 22 by 26 inches for 
disiribiitton. 

The basic purpose of this alias was and coiiHiuies lo 
be a means to provide decisummakers and concerned 
dti/ens with an overview of the components that make 
up the coaMul environment of Florida. At the same lime. 


TAIlLli I. ZONING SUBC ATIvGORliiS 


Freservation 

Conservation 

Dcvchipment 

Class 1 waters 

Class Hi waters 

Class IV waters 

Class 11 waters 

Aquatic preserves 

Class V waters 

Marine grass beds 

Aquaculture leases 

Prcscinly developed areas 

Selected coastal marshes 

Spoil islands 

Noncontlict 

Selected ctcistal mangroves 

Scenic vistas 

Conlliet 

Selected freshwater swamits 

1‘orestry and game 

Undeveloped lands 

and marshes 

management areas 

suitable for intensive 

Gulf and Atlantic beaches 

Wildlife refuges 

developiiKMit 

and dunes 

Parks and rccroalioii 

Undeveloped lands 

Selected estuarine beaches 

ureas 

siti table for intensive 

Designated wilderness areas 

River Hood plains 

development with 

llislorical ami 

Muigituil lands 

corrections 

areltcologtCLil sites 
Other unu|iic 
cnvinmincnlal feaiiitos 
Portions of liiirticaiie 
IIoihI /one 

Put lions oi hurricane 

Ptirtionsof hurricane 

llond /one 

(lood /one 



1'i){(urc 6. l*icH'fvatUin map of (‘aufliy coa^tat /on^. 
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this cnuncil wmitci have u iiicuns by which the 
plannitig/n)ui)agcincnl approacit could be disseminated 
atid evuliutcd by potential u^ers. As a rcllcctiuii of the 
council's mcthodolo 2 *y, the atlas delineates those areas 
aitcady developed by our rapidly cxpandiii|^ coastal 
population but at the same time indicates those areas 
physically suited to accommodate further dcvelopincnt 
where such activity will have a minimum detrimental 
effect the environment. Following the proposed 
methodology format « the atlas contains an inventory of 
coastal phenomena still relatively undisturbed 
(preservation subcategories), and recommends that 
essential, indicated segments of tltcse be “preserved"' in 
order to ensure the maintenance of living marine 
resources* the esthetic qualities of the coast and the 
physical integrity of the shorclands. Additionally* a 
buffer or “caution /onc“ between development and the 
presewation areas is designated for “conservation" 
where liiiutcd development with controls can occur* but 
whenever possible such conservation lands would be 
considered as a land hank for future generations. 

Response to the dlas has been widely favorable* 
and the planning approach used has been accepted and is 
being implemented by planners t!\roughout tlie state in 
private and public capacities. 


required a Level III analysis. Two primary base maps 
were required: (l)?j land ciwcr or vegetation map of 
upland and adjacent marine vegetation was required for 
a Level III analysis* and (2) a land use inventory 
mapping effort with a minimum Level il analysis would 
need to he generated. The categories for the Keys atlas 
arc listed in table 11. 

In u joint funding and mapping effort between the 
council and the State Department of Transportation* 
Topographic Office, color-infrared imagery was obtained 
(photographic scale: 1 :24 000) for stcrcographic analysis 
and the primary base tnap preparation. Thematic maps 
then generated from the completed primary base maps 
included the four standard council methodology maps 
(preservation* conservation* development, and 
composite), as well as a land availability map. All v/erc 
basic to the biophysical analysis section. Land use maps 
an" support services maps were generated for the 
socioeconomic analysis section. The remainder of the 
analysis scctionr were then developed from these data 
sections. Work imps wove prepared in house with a map 
scale of 1 :24 (XK>. Tire maps were then photographically 
reduced and printed at a imp scale of 1 :48 OCX). The 
fonmt size was the same as the previous Coastal Zone 
Atlas* 22 by 26 inches. 


Florida Keys Coastal Zone Martagement Study PRESENT REMOTE-SENSING APPLICATION 


In April 1973* council members approved the 
development of a Florida Keys coastal /.one management 
plan, ^causc of the many unique features and problems 
involved in planning for the Keys* and because of the 
development pressures in the region, it was considc<ed 
excellent for the development ot a pilot management 
plan. Beginning in May, the full council staff began work 
on the Keys study. The study format consisted of tlie 
following major sections. 

( I ; Biographical analysis 

(2) Socioeconomic analysis 

0 ) Lnvironmentat quality analysis 

(4) Planning anulysis 

( 5 ) Summary and com lusions 

This study was completed and published in July 
1974 and was widely distributed to local, regional. Stale, 
and Federal agctiwies. This study represented a iniijm 
cxiensum of the coastal coimcirs n ethodology as had 
previously hccit dcvclo[>c(l for the Coastal Zone Allas of 
I ''72, particularly in terms of remote sensing am! 
mapping requirements. While the 1972 atlas was 
essentially u Level II (U.S. (ieological Survey land use 
clussification system) data ana!ysis, the Keys study 


The coastal council and the regional planning 
councils which include coastal counties arc now working 
jointly on a Level 11 analysis ol the 1972 atlac 
the format developed hy the coastal council for the 
Florida Keys management study. The coastal council is 
doing this biophysical analysis in house using 
color-infrurcd imagery (photographic scale: 1:40 0(X)) 
which the slate purchased in 1^^73. Panel uomatic 
imagery (photographic scale: 1:24 000) foi 1974 and 
into 1 975 is available as a suppleiiKiitary data source for 
a majority of the coastal counties, (iroiind truth ctiecks 
are being made in addition tt) the use of supplemental 
data. 

The state regional planning councils arc using 
l:24(KX) pimtoquuds, supplemental Imagery, and other 
data sources, as well as ground truth checks to provide 
data for the social-economic analysis tdiasc for input 
intt) the jointly prepared coa.^tal /.one management plan. 
Land use* land ownership, and primary and secondary 
siipiHirt services arc some of the data currently being 
generated in part through the use of rcimUe-sensiug 
imagery. 

Map preparation tor all In-house work hy the 


TABU* II. FLORIDA KlvYS XONINt; SUBCATCOORIIiS 


Preservation 

Conservation 

Development 

Marine grass beds 

Class 111 waters 

Presently dcvclo|icd lands 

Patch reef coral 

Spoil islands 

Altered lands 

Undifrcrciitiaicd reef 

Wildlife refuges 


coral (living and nonliving 

Parks and recreation 


reef pro|Kr ai d forcreef 

areas 


rubble) 

Marginal 1 lands 


"Could be developed if 

Red mangrove 

Pine lands 


tloodproofcd. sewered. 

Black/whitc niangr<'vc 

Marginal II lands 


and if support services 

Mixed mangrove 

Tropical hammock 


were available 

Senib/young mangrove 

Degraded hammock 


Planned unit development 

Pioneering mangrove 

Hammock succession 


techniques with adequate 

Stressed mungiove 

/jnc 


grccuspacc and attendant 

Historical and urcltcologicul 

Marginal 111 lands^ 


vegetation ordinances 

sites 

Buttonwood transition 


recommended 

Other unique environmental 

/one 


features (selected hammock 



stands, endangered species 



huhilats. etc.) 




*^Muiginul III lands arc considered more environmentally sensitive tliun marginal I and 
marginal II lands. 


regii>nat ctmncils and the coastal cuimcil will have data 
delimited at map scales ul' I ..'4 000. The regional coastal 
/one management atlases will be printed at this scale or 
photographically reduced us mud; us 50 percent 
dC|Knding ii|>on complexity of data representation. 
Atlas I'onnats will again be 22 hy 26 inches. 

Another important ongoing retmite*sensing 
application is the ua' of color watei-penetraiion imagery 
(photographic scale: l:24(K)0) io provide a synoptic 
overview of the ct>ral reel* tract olT the l'h>rida Keys. 
This map}>iiie etTort is a preliminary step to a 
coordinated Federal. State, regional, and Itval el ton hir 
Itmg-term study of the reef tract in an attempt to obtain 
some answers as to what is affecting the health of the 
coral: Is dcgradalion occurring naturally or being caused 
by human activities in aiul adjacent to the reels? Or is it 
a comhiiiution? 


REMOTE SENSING REQUIREMENTS 
FOR THE FUTURE 

Implicit in the l liMidii ( nastal ( ouocil 
plannmg/i.ianaeeniLMit nu»ihot|<dogy. wIioHier a ! eve! ?! 


or Level III analysis is used, are the rci|iiirements fm 
conliiuioiis data updating and a rapid means of data 
dissemination. Systems lor acquisilMm and dissemination 
of remote -sensing information arc less than adequate, or 
nonexistent, at tlie slale/iegu>nal/local governmcnlal 
levels, particiilady lor the data presently in demand, as 
well as for known future requirements. The problems 
facing remote-sensing users who seek informalion arc 
many and varied, given their .cs|Kctivc data 
tequircoients. data display and/or dissetninaliim foiinat. 
tn-hoiise cx|K*rtise. access to :'c*ccss;iry funding, el cetera. 

Ill Florida, govcvnmetilul agencies are awakening to 
the tact that iliesc varied problems exist and that 
expansion of a centrali/ed capability for remote-sensing 
activity is necessary if various program leqiilremeiils arc 
to he met. The focus of the interest Is presently with the 
Stale ot i'lorida Department of Transportation and its 
Toptigiaphical Office. In the last 2 years, hy working 
through inner-local agreements, data derived Iroin ;r 
variety < f remote sensors, iiicliiding phoiograpliic. 
Ihorinal and sidehutkiiig airborne radar, have 
demonstrated the reed for i emote -sensing application, 
(oadnatly. a imtiliple leimnc-sciisirig pt(»grarn will be in 
<,!c'!!K!!k! :!S jsri'jltfv isuHsbcis t>! ::;u! 
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iisorH Icurn what segment of remote-sensing tcdmology 
can heneilt their own program's data rci|tiirements. 

DISCUSSION 

QUERY: One of the first items in ymir list of 
planning considerations included the sensitivity to 
modification. Remote sensing can give you present 
status and it can also give you ease history for results of 
modification. How do you project^ though, when you 
consider miulification? Particularly to priijccts like the 
Cross-Florida Canal in Beckman highway in the swamp? 

WORLEY: You arc talking primarily at out dredge 
unj fill and channelization in Floridi. Unfortunately, 
predicting is a problem in Florida be:ause we lack the 
background data base to really say. “You shouldn’t be 
doing this.” There are reams of studies as to why a 
project should or should not be don«. But these arc 
^ short-term studies. Riglit now the council has resolutions 

from the cabinet and the governor for canal research, so 
I weVe trying to get these answers, A gt)od example is the 

Florida Keys reef tract. You Itavc probably read and 
heard quite a hit about how they arc dying and so on 
and so torlh. Well, it all depends on who you talk to, 
what vested interests arc involved, et cetera. There has 
not been a long-*crm study in the Keys. Most ol the 
studies have been over a 2-ycar period at most. A 
consensus of the agencies involved and of like scietUific 
interests both nnvalc and public is that a iikiniimmi of6 


years will be required to gel tlic answers needed in the 

coral reef trad, for example. , 

TILTON: A inultiUide of agencies arc involved in 
tlicse studies. And it seems u» be quite appropriate for a 
state to have one agency to either coordinate or to 
combine the efforts of all of these rather than letting the 
Corps of lingincers and private agencies, highway • 

department, and so forth each do its own, and quite 
often come up with biased answers. One somewhat 
indepciulent agency could coordinate the efforts of the 
results. Docs Florida have a plan to institute this. say. in 
the planning commi.ssion? 

WORLEY: Right now, we arc the coordinating 
agency. At least for the next month. We were composed 
of four departments in Florida. Two were cnvirimmcntal 
agencies. They have just been abolished. Uopcfuily we * 

will continue to be the ci»ordinaiing agency. We were ^ 

doing exactly what you say should be done. WeVe been 
trying to promote interagency coordination for 3 years. 

BAKER: I am Simon Baker. University of North 
Carolina Sea Grant. Tin wondering what status in law 
yemr map has. Is It mandatory that the conservation, 
preservation, development areas be recognized legally, or 
how does that work? 

WORLEY: Answer to yi>ur first question: Nti.il is 
not mandatory. The coastal zone management program 
is voUintury at the state level and at present the mapping 
methodology is a suggested plunniiig mctIuKlology. Nine 
out of 3K ctKtslul counties have adopted entirely or in 
part the coastal council plaimiiig/maiiagcment concept. 
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C-8. Environmental Assessment of Resource 
Development in the Alaskan Coastal Zone 
Based on Landsat Imagery 

<4. iiehn^J. M. Miller" and H'. J. Stringer" 


INTRODUCTION 

The development of additUmal domestic sources of 
energy is a prime objective of tlie United Stales in the 
mid-l970’s. At the present time the dcvclopmciu of 
energy sources in Alaska means primarily jwlrolcum 
exploration and production. The C'ook Inlet Held has 
been producing for a decade, and the major oil and gas 
Held near PrudhiK' Bay is being prepared for production 
in 1977. Gcoli>gical data strongly indicate that other vast 
petroleum and gas potential exists offshore along the 
northern, western, and southern coasts of Alasko An 
assessment of these potential new reserves and ilie 
development of known deposits require new knowledge 
of their eiivironmcnlal setting to serve the sometimes 
contlicting objectives of carefully expituling resources 
while preserving most of the enviromnciual values. 

Remotely sensed data p*ay an important role in 
Alaskan efforts to case the nalioirs L*ncrgy slu>rlage. 
Data from both aircraft and satellites are heavily used by 
organi/utions engaged in activities related ti» bolh 
resmnee development and environmental crrnservaiirm; 
however, the vast expanses involved tend to cniphasi/e 
the heiiefits of satellite data, fhe University ol Alaska, 
in cooperation with Stale and l•cdcral agencies, has 
applied existing rennrte-sensiiig leclniiques to many 
aspects of resource development in the slate. Results »>l 
I luce rcpreseiilalive projoels are presented. 

SEA-SURFACE CIRCULATION AND 
SEDIMENT TRANSPORT IN ALASKAN 
COASTAL WATERS* 

The Alaskan eiMslal onvifonment provides a 


particularly feasible situation for the application of 
rcmotc-scnsing techniques to the study of sediment 
transport and deposition. The very large quantities of 
suspended sediment discharged into Alaskan coastal 
waters arc dearly visible on Landsat images wiiidi 
facilitate tracing the sources and movement of the 
surface suspended sediments and assist studies of the 
dynamic rclatiorship between sediinciu input, transport, 
and deposition. Such studies are important not only in 
terms of the maiinc geology and physical oceanography 
of the region, hut particularly so at this time because a 
knowledge »d‘ inc transport path of surface suspended 
sediments is applicable to the prediction of the 
movcnieni of oilspills in areas which arc currently 
suhjeet to intensive petroleum exploration and 
development. 

Cook Inlet 

1‘igure 1 is a mosaic of two Landsat images of Cook 
Inlet acquired on .Sepiomber 24. 197.^. Lven in the red 
spectral region (MSS band (0* the suspended sediment 
load ranging Iroin 20 to 1000 mg/Hlcr is clearly seen. 
The Use of images acquired at sliorter wavelengths (MS.S 
hands 4 and permits the suspended sodimenls to he 
visible at concentrations of I mg/liter or even less when 
atmospheric ha/,e is totally absent. 

Ill order to i|uanlify the relative variations in the 
suspeiitled sediment load observed by Landsat. the gray 
shades present in Landsat negative iraMsparcncies were 
density -si iced and ci dor -coded so that boundaries 
he 1 ween ranges of gray shades (representing dilTeieiil 
ranges o| suspemled load conct to ration) can he 
pt>sMively dilTeretniatcd. This was accomplished using an 
anahtg image aiialy/ei consist itig of a light table, Vidieon 
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l iiJUTc I. Mosaic of Ivvu K;)tuls;it iui:ipc\ of C'ook Inlet. Alaska, 
acMiiired on Scpionilwr 24, 1«>7?. |‘hc pattern ot sus|Kndcil 
sccliincnis in the ink*! is dearly visildc even in this 
inulli%|H*elnil band 6 iinaj'e. 


cameiii. Ciinlml cquipinctM. ami a color television 
receive! . AHer a ue>;«iti'fe traiisp tcy of ific L;iiKis;ti 
iiiKiiie is placed on llie li^ht table, tlic camera liansmiis 
ihe iinapc lo the conirul equipmcnl wlieic llie inutjic is 
density -si iced and color-coded into as many as ci^lii 
dillercnt colots. The color-coded imape is then displayed 
on the color tetevisum screen. 

Tlie ranj»e o\' gray shades coded as any parlicular 
color aiul the lot.'il range of gray shades contained in the 
entire color spectrum oi the display arc all continuously 
variable stich that tlic normally small ian;,c of giay 
sliados found in coastal waters can he density sliced into 
Ihc hill ctuie ol coiois. each color representing a 
dilTeicnf range of letlociancc vahie oi suspcndeil load 
concentration. Ihe cohu-coiled image displavvil t>n tlie 
television scieeii was plioiogiaphcd using fiigli -speed 
.V-=^-millimctei diiecl-pt»>ltive c*»loi Him tf»g. ?) The 
.i5-niilhmelei color Niidcs iIiun ohiMocd weie 0*e!» 


projected^ using a photographie enlarger, onto base maps 
of the Alaskan coasl. Tlic projection of the crrlirr slide 
was alined such that tlic ctrlor image and the base map 
coiistlines conformed, and ihe color hoiindaries were 
traced onto the base map to produce the relative 
suspended load concentrations as shown in tlie black and 
white drafted map illustraled in figure 

The aituly/cr conirol settings used in density-slicing 
tlic various images are, for the most pari, arbitrary. Tlie 
base level and the bandwidth of the total color-code 
s|Kctrum were noiit'ally adjusted such that the entire 
range of gray shades contained in the coastal waters of 
the specific image b< ing analyzed equaled the range of 
the color spectrum displayed by Ihc analy/ci . Individual 
color bandwidtiis were normally kept equal lo each 
other (linear si icing however, for sotnc images tlic 
relative bandwidtiis were varied to bring <uit s|Kcilic 
details, such . " eddies. In one instance, an acciaie 
transparenjy showing the susjvnded load distribution 
for a scene for which neai-syiKlironons sca-trulh data 
liad been obtained was overlaid iw the analyzer TV 
screen. After the TV screen image was enlarged and 
iJiicnted to conform with the overlay, the image was 
density-sliced lo conform v.'itb the susiKiided load 
contours of the sca-trulh data. This procedure givc^ good 
results whore at least a limited amounl r»fsca-t ruth data 
is available, 

A series of Landsal images acquired over ('ook Inlet 
during \^11 and l‘)73 were density-sliced in tlic ntannet 
described. The resulting maps of •^'^itive siispcmled 
sediment concentration iui different dates were then 
used lo devehrp Ihe net sca-.surface circulation model of 
(\jol, Inie* illustrated in figure 4. 

The miijoi water imwement in (Nmk Inlet is a 
tr>-aiu! !io pulsation in the lengthwise dheciioii of the 
inlci caused by Ihc IhniJ and ebb of the tide. Ilirwever, 

C oriolis Imcc, basin morphology, and probably winds 
modify the pulsations to pnuliice a net circulation 
pattern within the inlet. The major sediment smiuvNare 
the .Siisitna River and Knik Ann at the head of the inlet. 

Tidal movciiKMil ami (’oiirrlis force [uoduc*' a net 
counlerclockwisi‘ ciiciilalioii in Irwer Took Inlet mkIi 
tlial clear seawalei inlriides up *lie cast side ol the lower 
inlet, eaiiied in hy the weslwaid-llowing Alaska cuireni. 
and turbid, iclatively fresh waiot is canted mil ol ifie 
inlci along its weslein shoic. As at tesull u\ the 
coiiligtnaiion ol the lorelamls region, the iniiiixitMi id 
dear seawater is appaieiHly detleclod In the west side nt 
the iippei inlet to form a net clockwise gvie in the 
region bounded by ihe east, west. ;iud poiih i.uelands 
However, this devbiinn lioiit the tioim.ilK espected 
coutoeichvkwisv^ ciiiuI.iiioH m.i\ be .i tem[^oiai\ leMill 













Vipita 3.- Schematic diagram of relative suspended sediment 
conceiitrution in Cook lnlct« drawn from the deiisity*slicvd 
image Illustrated in figure 2. 
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figure 4. Siirfaiv water eirculatton in (o<^k Inlet when tlic 
tidal singe is near low at Anchorage ami high at Seldovia. Urn 
iiitHlel is liascit on Interpret afinn ol st'di mentation patleriis 
tibserved on several l.atulsal images such as tlmn- illustrated in 
figures I to 3. 

ill the prevailing soulhcily Minitnci witiils (no winter 
I aiKlsat image*, au* availaldeK in .uMiiinii to possibie 
variations in ciiculalioii causi*d by the tiilal ailiplituvle. 
<('oittciilen1ally. most cloiul-liee I amisat images of (‘ook 


were obtained near llftoiltidc at llic nuniih of the 
inicl.) Avallublc evidence indicates a highly complex and 
varii hie circulation system througlioul the region m>i ih 
of Kalgin Island, with extreme mixing of ouillowing 
turbid water and intruding clear seawater. Sliip 
navigation in this area is notoriously dinicttlt. 

Tidal current velocities are sufficient to prevent 
deposition of muds in tlic central Cook Inlet basin. 
Substantial dc|>osition of the line sediments occurs in 
southwestern Kainishak Bay (soutli of Itianmu Hay); 
however, a considerable amount of the Cmik inlet 
suspended load is carried out of the inlet and into 
Sheltkof Strait (left bottom corner tif tig. 4). 

The analyses of sea*surfacc circulation and sediment 
transport perfiumed for C«H>k Inlet were repeated for 
most . of the Alaskan ettast from Yakulal in the southeast 
to Barrow at the northerninos! point. No attempt was 
made to study southeast Alaska, and nm few clombfVee 
and icc-t'rce Umdsat images existed for the coast cast tif 
Barrow to allow a meaningful analysis of that region. 
The results of these analyses are suinmari/ed in tlgurc 5. 
whicii sliows, in a liigiily simplified form, the major 
pathways of sus|Viided scdimcnl Iraiisporl in the 
Alaskan coastal and shelf enviromiicnt. This nuHlci. 
developed by Burbank (ref. I). is based on l.ands;it 
imagery, limited tield data on sea lcm})eraUirc. siilinily. 
stis|KMidcd load, and bottom sediment distributions and 
on various previous icp'Uls. particularly for the Beitiig 
and Cliukclti Seas. 


Gulf of Alaska 

(tiacially derived sediments iiilioduccd inlo the 
coastal waters ate tiaiisporled predomiiianlly west w aid 
in the Alaska ('urrent. Part of the iiearslune susivndeil 
load is typically delleeied inlo the vat hms embay ments 
lining llie coast. Tiie amount of ofislu. e iranspmt is 
variable, bill in st»ine aieas il reaches significant 
porpurtiolls. 

Ill the mHlheasleni (iulf of Alaska, between Ka\ak 
island and Yakni.it Bay. the majoi soiiices of suspended 
sediment are Diy Bay. ^'akutal lla> . Malaspina (Baciei. 
Icy Bay Kmyni (ilactet). and the Deiing (daciei In the 
Dry Bay legiim. ollslu>ie slmniiug ol the neat-boitom 
suspended I'vul hy Alsek ( aiivon. coupled vvifii a 
minimal sedmiciii input liom lailiiei cast, basleit lelui 
glacial sediineiils e\]u»sed on the shell between AKek 
( atiyoii and >akutai Sea Valley Yakulal Sc.i Valley also 
provides an elteorve olishiue sbuni tot the iKMidroiinur 
suspemled load deiived horn V.ikiiiat Ba% and the cti.isi 
immediately the east, leaving sumc relict glacial 
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» * .1.1 K.Aiiuoni in Alaskan i:«Kislal waleis as intcrprulod iroin l-iimlsul imagery. Iroiu 


sediincnis cx|h»sci 1 <m iltc shell immeiltiitely wesi «• 
Yukuiiit Sea Valley, however. Ilie eonshlerably iueieaseil 
suspeiuled sedimeiil inpw' I'""' '*'*•' coastal (slaeieiswesl 
ol Yakuta* Ifciy ptoduees a eiimulalive ineteasi' («• a 
westwaiil ilireciion) in loial seihmeni lransi>otl ami 
spreads a pr»»)!iesvvely wUlei tin a westward direelton «•! 
Itansporl) hlankel ol modern tmnl iwer the shell. 

Mtlnmith some oHshote Itansporl ol siispemled 
sedinuMits oeenis along the entire errast. it is particularly 
sigiiincaiu where lire wesrward movhtg snspendeil load 
encomtreis Kayak Island, the snspettded load has heen 
observed to Ire dellecled ollshore irvet nt) kiloitreters 
(tosvaid the sirirthwcsil in this region. Hits ollshore 
dulleclion ol Itne sediments has gieally enhanced the 


det>osilion "• nmd on lire oiilei sitell sonlhwest ol 
Kayak Island. 

A large, apparently |KtinaiK>ni clockwise gyre 
consisteiilly eiiciieles Kayak Island, and sediments are 
liansporled north up the west skle ol Kayak Island ti» 
rejoin die nearshore sns|rended load tianspoit syslein. 

The Cop|K*i River discharge greatly increases Ihn 
coastal Misiwn led sedinient load in the iiorlh cenira: 
(iiiir ol Alaska. The westsvaid inoving Copper River 
phinie. upon eonlroiriiiig llinchinlrrook Wand, splits 
tnio several toinironenis. A minor anonnt ol the 
siisjKiided load enlers l‘iiiKe William Sound thiongh 
ehannels norlheasl ol niiichirilrrook Wan.l. while a 
maim proiriniioii ol the suspended load enlers I’inice 
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Wiliiuni Stuiiul lluough ilhichinbmok lltUruncc. 
iittruiling lUHlIi alnuist to the (*oluinhla Glacier* and 
pioviiliug liic majru stuircc I’ov the Tine {tedlinenis 
deptiitUcd within Prince William Sound. 

The rcinuindci of the C opper River pluino Is carried 
sou til west ward along the jnmtheast coast of Montague 
Island, beyond which the sediments rapidly disperse and 
settle. As a result, there is an increasing ircriucncy of 
exposure of relict and palimpsest glacial scdiincnls 
westward and southwestward of Montague Island. 


Aleutian Shelf 

CiK>k Inlet suspended sediments enter Shclikof Strait 
us a wcll-derincd nearshore plume llowing 
southwestward along the northern shore of the strait. 
With passage tlirougli the strait, the plume dilTuscs 
across the strait until, near the southwest entrance to the 
strait, the plume normally has diffused across the entire 
strait. Bulges in the plume are often observed along the 
siHitheaslern boundary of the plume, apparently due to 
transient reversals of the net southwestward mtwement 
of the plume during tioodtides. With farther 
southwestward movcmeiii. heyond the southwest 
entrance to the strait, the plume rapidly disperses and 
settles from surface suspension. 

Bottom sediments within Shclikof Strait rellcct the 
cumulative settling and deposilion of the tine scdiincnls 
as they pass through the strait. Beyond the southwest 
entrance to the strait, the near-holloin suspended 
sediments are shunted oifshoie hy the sea valley 
extending from Shelikof Strait lo the shelf edge. 

1'he suilace tcmpeialuie atid salinity distributions 
indicate C ook Inlet waters, and theieforc probably some 
stist>cnded sediments, are carried several Iniiidred 
kilometers westward of Shclikol Strait along the Alaska 
Peninsula coast; however, there is no evidence u! 
deposition of fine hoMom sedimeitts in this region. The 
shelf seaward of Kodiak Island likewise appears to have 
little 01 no input of suspended sediments: the shell is 
covered predominantly hy reliel or pa1im)rsost glacial 
sediments, with iirud tilling only the dee|ier depressions. 


Bering Sea 

Sns|KMuled sediment transport in tire Bering Sea is in 
a gctieial norihward direct itni. Iir the Bristtfi Bay region, 
the Kvichak and Nusluigiik Rivers supply most nl the 
snspeirded load. Otfshore transport is nrinimai ami. 


ctrupicd with the high energy of the Bristol Bay 
environment, the hotlrrm sediments within Bristtrl Bay 
have evolved iiUtr a well-graded (prcdoniiiianlly sand) 
shelf in near ei|uilibriiim whir the energy of the 
environment . 

Transport of the Brisltd Bay suspended hrad is 
eonllned mostly t<r the nearshore /.one until the 
Kiiskokwim Bay region is reached. Smue of the 
nearshore transiHirl Is dclkclcd north up the castenr 
coast of Kiiskokwim Bay, although entry is sirglu. Tlic 
combined Bristol Bay-Kuskokwim Bay suspended loads 
arc normally trans|H>rted towards the northeast; 
however, during winter and early spring some 
Kiiskokwim Bay sus|>cnded scdiincnls are carried 
southwest into Bristol B iv. The nortt.wcstward-moving 
sus))cndcd load, upon confronting Nunivak Island, 
bifurcates, part passing north through Htoliii Strait to 
join the Yukon River ptuine, and part passing west of 
Nunivak Island lo be dispersed offshore into the region 
south of St. Lawrence Island. Altlunigli some of the 
Kiiskokwim suspended load is deposited south of St. 
Lawrence Island, a significunt proportion is redirected to 
the northeast, producing relatively high siihsiiiface 
suspended load concentrations in the region between St. 
Lawrence Island and the Yukon Dcfta. 

The Yukon River discharge, comprising ‘)0 percent ol 
the total (river) snspended sediment input to the eastern 
Bering Sea. is the predominant intliicncc in the 
luntheastcrn Bering Sea and Niiiton Sound. Most ol the 
Yukon River sustKtided load is observed moving north 
and northwest towards the Bering .Strait. However, a 
significan! arnoiml of the Yukon River suspended lov.d 
has Ik'Cii observed moving over HK) krioinelers directly 
south in lire nearshore /one, while evperieiiciiig 
consUleiahIc tillslrore ilispersion towards St. Lawrence 
Island. 

A seemul imptirlant offshoot of the majoi 

nortlrwestvvard-moving pinnic moves into Norton Stumd 
along its soiilhern and soiithcaslern shore, lormiirg an 
incomplete coiiiileri:lockvvisL‘ gyre wllhiir Norton Sound. 
Most of these sediments are dc|)osiled in smitherii and 
s»mthejslcrn Norton S*Hind; however, siinie of thesi* 
sedimenls .ire Itarrsporled our ol Nothin Soirrnl in 
siihsuiface waters in ceiiUal and mniheiii Noihm .Sound. 
Miist ol the Yukon Kivei sus|>ended hnrd is lianspoitevi 
into the ( hukchi Sea in near-hoMoin snspensom neai lire 
eastern coast ol the iroithcaslem Beiing Sea urd the 
Bering Stiail. 

The ohscived snspendetl h-ad Iraiisp* M and the 
holloni HHliineiil disUihuiion coitelale well in the 
iHiiiheasletn Beiing Sea. lire majoi palhways ol 
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Conclusion 


Mis[>emlc 4 l Uwd iiitpspoii aiv ^^cnerally midcrluiii by 
tchilivcly bipb conccniiuliiHis ol sill in the botbmi 
scilitnciMs. 

Chukchi Sea 

The Yukon Kivor provides the major Input of 
suspemleil sediments lt» the t1mke!u Scu. Alter passat*e 
Morlli through the Bering Stniil, the inainstreain oi 
Yukon River se*iiinenls is carried direelly tiorlli into the 
northeastern ('hukclu Sea. piinuiiily as a ncar-boHom 
turbid layer. Some Ynktm Rbci sediments, however, 
move eastward into the soulhcastern Clmkchi Sea; a 
minor uinounl of iltese sediments enters Kot/ebue 
Sinind around ('a|X! I'spenberg, while some Nnatak River 
sediments arc discharged Innn Koi/cbue Sound ar<mnd 
('a|K Kiusciislcrn and join tlie general iimlbward 
tiaiispoii in lire soulheasierii ('hukehi Sea. 

An additional small percentage Yukon River 
sediineiUs. aflei passing lliiough the lieiing Snail, arc 
earned norlhwesiward u)> the ('liukolsk Peninsula coast. 
Upon coiilnmling ihe soiuhcaslward-moving coastal 
eunenl. these snypended sediments are lianspoiied 
directly offshore in a northeast ward direction linittallyl 
and are roincorpoialed in Ihe geiieia! northward 
transport of Yuktm Rivci sediments. 

C'oastal sus|>ended sediments helween Points !Io|K' 
and Baivmv are piimarily locally derived fnmi coastal 
riinofl and erosion; however, the input of suspended 
sediments into tliis region ap|vars relatively small. Ibe 
coastal cm rent, which Ihrws gcneially noiiheaslwaid. 
produces clockwise -moving eddies within the ctustal 
indentalitms. hi the vicinity of Ikmow. where the 
northwest wavddlowiijg t'lmkchi Sea coasial corieni 
•neots the westward drill oi the Arctic Ocean, 
considerabic offshore iransptnl of suspenvled seduneuis 
occois. 

('iivniation vvilliin Kot/ebne Souiul is a geneuil 
comiieiclockwise gyte. MoM ol the No.it.ik Rivet 
susptMuled load is lianspoiied dnecily south iiUo ceniial 
Kot/ebue Soiiiul. wheieas snuillei amoimis aie cairierl 
east itUtr Ihithiim tnlet and west into the sonibeasieiii 
tbukchi Sea Ibe hoiiom s^»dmient disliitnitiim 
conforms well wiili the mm face Mispv tided load 
disirihniion vvrihin Kol/vime Sound, sliouing maikedK 
gieatei coiuentiations id five sediments uiuleiKioe the 
higher suilace siispeiideil lo.ul conceiiii.iii«»ns. I he 
ctinnleiclockwisc i'\re in sonileiu Kot/ehiie Soniul 
allows deposition ol veiv line suspended sednneiO'v 
Mtisl Kobiik Rivet sediiiienis ate dept*siled wilintj 
Hoilum Inlet. 


I.atidsal imagery has proved ipilte valuable lor the 
study of M?a-sniface circulation and siisfwmleil sediment 
lians|)oit in Alaskan crrastal waters. The synoptic 
overview of large areas piovidcil by I.atidsal lias added a 
new dimension to the study ol dynamic processes and. 
altbougb remote sensing cannot supplant Ibe neerl fm 
basic sea-uutb data, ibc combination of limited sea*tiulb 
data and compielieiisive lemoie-scnsing data can provide 
far mme InfoniuitUm than eilliei metluHl alone. 

l.andsal imagery can be especially bcnolicial in 
planning occanograpbic rcseaicb and enviiimmeiiial 
surveys, llirough the dclincaliou ol water mass 
boundaries and regions having particularly dynamic and 
variable circulation regimes, both of vvliicb arc readily 
ajrparenl in the Landsal imagery of most Alaskan coastal 
regions, it is possible to design seadruth sampling grids, 
which can obtain considerably more infonnalioit for the 
available sliip time and funding. Because of (be generally 
close covrolalioii between Ibe surface suspended 
sediments and the bottom sediment distribution. 
L.;ttuls;il imagery can also Ik heiicneial in the advance 
planning ot bottom sediment and bentbos invesligalhms. 

The icniative ciiculathm and sediment iranspor! 
models desciil>ed in tins study will, it is lioped. prtwido 
background inlormalion to better direct fnltiie rcsearcli 
in Ibe Alaskan coastal and shelf enviioniiKUil. l ulure 
work in lenuUe sensing should be directed tiwvaid tlie 
aapiisition of more compicbensive salellilc and 
sinuillaiicous sea*tiutli data tor various tidal phases and 
seasims. ami lowanl the devchrpmeiit ot imne 
(plant ita live and slandaidi/.ed data analysis teciiiiii|nes. 
Willi these iwo nuipn imp^wements over Ihe cilrient 
siuialion, the present iiivosligation strongly suggests that 
Ihe use (»l satellite imageiy can coiiliibutc signitlcantly 
to the cost-ol1ec!ive piepaiatioii ol a comprehensive 
atlas of sea*Mtrtace ciiciilation and Mdiiiicni liaiispoil in 
Ihe Alaskan coastal /oik . 

MORPHOLOGY OF SHOREFAST ICE 
ALONG THE ALASKAN COAST OF THE 
BEAUFORT SEA 

Ucoloeic sludics suggcsl a piMciitial ot very laige 
petioU'um deposil. imdei an nitshoic aic.i autii 
Al.isk.i between pMidlioi* Has and the I obille Kivei 
Delta I he Male ot Alaska is plaimiue a Kvse ile ol 
these neai shou Mibineieetl lands m ihe ne.ii luluie. and 
llie I edeial (lovemiui-nt will l>e pn p.rune an rmpael 
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asscssmeiH tt>r the possihiliiy ol a Mtiiilai tease sate 
lailtici tHTsImre. Ttic i>il inilustry has cxpiesscd a )^ieal 
intciesi in hiitilhi); lor leases oniicse ollsltore areas, hut 
recn|Mii/cs Ihal tlie seasonal picsence ot sea-ice pieseiils 
imnstial prohleim tor peiiolcum exploraliiHi aiul 
ilevelopmeiil, (Vilainty, in stiallow areas, it will he 
possihle (n huilii amt inaliilain ailHleial Ishiiuh. in 
sniiabk locations on which siriicldres ami iliillintr ligs 
can he hiiill. However, the qneslioii will cvcniually arise 
as lo whellier s«ntcluies can he siildy erected in the 
dceircr waters williin the /.one of shoielast ice. 
l*uvtlicnnore, the existence of large ;nasscs of grtmnded 
ice along the holders of lire shorefast ice indicates that 
underwater cables, pi|K'lincs, and irther structures tnusi 
he htnied sufricicntly deep in ttic ocean lloor to avoid 
being disrupted by moving ice ridges or piles. The 
anunmt of hot torn plowing caused by grounded ice is 
determined by the inunncr in which tlie gioiinded ice 
pile is created and there are indications that ttiis effect is 
more prtinoiinccd In some places than in others. It is 
clear that a detailed study of the morphology and 
dynamics of sea ice must be made before goveminenlal 
and industrial activities can proceed in tills area. The 
study reported in this scctitm is an initial s* ‘n in this 
direction. 


Gerreral Behavior of 
Shorefast Ice 

During the arctic winter, a relatively stable slicct ol 
icc develops along llie noitlieiM Alaska coastline, 
extending distances ranging up lo several kilometers 
seawaul. Ihe general ehaiaeteristics of this sliniolasl tec 
have been reported frets. to 5) as iollows. 

1 . Around iimlwintei . the ice along the shoielinc is no 
longer subject lo breaking fice and leaving open walci 
except under the most uinisual ctrcumslanees. 

1 . Tliisslunclast ice sheet may contain many piessmc 
ndges. Its seaward edge is dellncd by lire most scMwaul 
gmumleil piCNSuie ridge. 

.T IhMtom sediments apivaiing in the piled icc aic 
gcneially lakeu l*» ire evidence that .i piessmc lidge is 
gromuled. 

4. Tlie most scawaul gioniided i>iessme Htlee h 
chaiacleiislically near the iS-mciei deptti coitloiii. 

5. I tom lime to lime, .t lloaliue slicel ol ice can he 
attached to ttu* NhoielaNt nIuvI ,md exieiul inaii> 
kiliMtieleis f.iilhet vawald. 

O. Ilie eiounded piessine ndee v\ stem eiulmes inh» 
MiuuiKM . sttnieliiiiev .is late as inid-.lui\ . 
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will have to consider the behi.vioinl characteristics ami 
physical properties of this yea ly rectiniiig ice sheet. 1'he 
recent aci|uisjtlon ol l.inulsat Imageiy is making pos.siblc 
sitivciliance ol sltorelasi ice leading lo a descriptive 
morphology. 

Kcimnit/. and Ikirnes (ref. 4) gciierali/ed Ihal lire 
seaward edge «d‘ shorefast ice along tlie north Alaskan 
ctnistliiic Iollows the iS-melet Ciinhuir. While the testUs 
of this study largely coiirmn this, pronounced deviations 
of the lionmtary of slioiefasl ice from the |H-iikMci 
coiilom arc also apparent. At one location, sluuefasi ice 
appeals lo exieml beyond the IS-metei coiiitmr. and at 
amnhei its boundary may he well inside the iK-mcler 
contour, 'i'lic overall sea bottom coiiriguralion is similar 
ill both cases. 

Interpretation of Spring 1973 
Landsot Data 

Tlie relationship between the orbital frcipiency rd 
Landsai and (he areal oxteni of the acipiitcd images is 
such that because of the convergence of meiidiaus at the 
1‘artirs poles, given points in the Ikuufnii Sea region are 
imaged up to 4 days in succession. Tliis ovetlapping of 
images, coupled with the I'ortuittuis ocemience <if much 
deal weather in the spring of D>7.k made data from that 
period exlicinely vatnahle. 

Hoth figures <i and 7 were preparcfl by visual 
pboloitiicrpietation of data collected lioiii many 
successive I aiulsal images of the llariison Hay region 
between eaily Marcli and July |d7.T In oulei to 
iliuslrale adeipiately the niajoi se(;nonilal ice leatmes 
during (his peiioil and Iheii relaiumsliip to one anothei . 
tire inloiiualiou has been drawn on two si^paiale mapN «>( 
the same aiea. 

I iguie tt >ho\VN (he most ptomincni newt\ foimed 
leads imaged during a seiics ul I arulsal passes in eaily 
M.iieh. I his Uuute also sliovw a laliici pionoimeed 
mitro/eii sIumi tine imaged at that lime and. near (he 
slioie. (he liKatiou ol (he iK-mdei comioim and the 
seaw.ml Imuis ol exIeiiMVe hummock irelds, I iguie 7 
sliows (he s.iiue lealuu's .in ligure (> and also suceessive 
h» ‘alionN o( shi.ai hues diiiiiu; Apiil ihnnrgh July, as well 
as the local ions ol sysleuis oi ciacks whtdi developed 
duvine (his lime I he inieipieled limit ol grounded 
slu'ielasl ice is sliovvii as a Nciies o( ^lols wheievei il i^ 
dilteiciii titan the slieai line id JtiK I he Is inetei 

depth coiitom is imlicaled lot womp.uiMm with Mie 
hotiiiilaiN ol nImu'I.isI ice. 

in e;iil\ M.iich wIumi (he eailiesl I‘i7l 

wne ,K.»juiicd. ilicie w;o .in exieusne Niiell t»t ice 




i ; 






iiltuchci) U> Ihc scaw;nil side ilie shorclasl ice oH 
Uurnson Hay. M lliat lime, part of the latge llssurc at 
the light of center in figine 0 was new, while another 
part til it and the north-south cracks in the center t)l this 
ligure were somewhat older. Based on Barter Island wind 
data, we place the dale of the new part of this crack at 
March 7 when .Mionr average winds of 12.1 m/sce from 
2wr were measured. The older cracks piohahly date to 
I'clmiaiy 10 oi earlier. (I'chmary 10 was the last date rm 
which winds on the order of 1 1 ni/sec were recorded at 
Bailer Island.) 

I.andsa( images of March 1*^ and ^0 illustrate the 
growth id the lead system shown on the lelt side of 
rignic o. On March 21. the ice fractured ahmg a path 
which followed the lelm/cn shear line running acrtiss 
the map to a point north of the western side ol Harrison 
Bay ami then turned seawaul umghly along a lino 
parallel li» llio lead siiown li>i Maicli lO. I•.ven idler this 
event, a amsideiahle expanse id attached ice leinamcd 
oft Mairisiiii Bay. 

I.erly April data show the extent <d the attached ice 


shelf even furl Iter reduced, with the shear line running 
parallel the idder lerro/en shear lino mentioned 
earlier. 

hale May data slnrw slieariiig motions with average 
vcliKilies id ()..S km/ln ahnig a lino parallel lo thccirast 
and tangcnl lo what was later identiried as a seaward 
bulge in the biuimlary id* slnuofasl icoidt Harrison Bay. 
The scries id‘ small cracks slrnwn along the 1H-nwlct 
coniinn to the east id Harrison Bay and jnsl west o\ 
( loss Island wore new al this lime. Hiey are related to 
stress witidn the area dellnod by this sltear /ime. 
itultcaiing smiu; stmclural failure holbio shearing took 
place at a more seaward locatiirn. Nide that a retm/eii 
lead was identhleil in this area on the mid March data. 
1‘liese iaihnes were pndraldy lo'aled seaward ol 
welhgrinmded ice. 

I.alci. data lor early July show an even more 
iliininished /one i>t slalionaiy ice. inchiding little 
iitlaclied ice Nide that Iheic is a porliim ol the 
stationary ice at this ilale seaward ol the Nhn 27 shcai 
line, lire reason lor tiiis appears to he a large hK»ck id 
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l‘igure 7. |)eveU>|niieiit ol m‘;i-Uc umililum?i near llarristni Hay. Alaska, diiriny sprinp lh?3 as intciprvt» il ir*im MU|iu‘iilial I amKil 

images aoiniriMl trom Manii lo July 197.1. 


ice punimlcil in vvalci 31 niclcrs deep ;ii the lip ol tlic 
extension ol slulioitniy ice. An exumiiuilion ol the 
iitne 14 I andsul iniape sltows wo si^w ol tliis kniUire. At 
lhal (hne slieurinp w;is Idkint' pl:ice alonp the piohuhte 
hiuindiny ol shoivrast ice (the dolled linej. 

Ihe Inmiidaiy ot shoiehisl iee shown iicie extends 
Si*:iw;ml in j hnljte oil H.niisoii U;iy. Htmis :tnd Ihnin* 
(rci. <>l iitdie.ile ;i shnilai hnl^e bused mi mid-Jmie d:ii:i. 
Al Ihe viciiiiiy ol Ibis hiiljie. ihe iNnietei eonIniM 
indents lowutd shme. Hie deplhs ;i1onyi Ihe weslein pail 
ol Ihe hidfie :iiv very eh^se lo IN meleis. while 


;dong (lie eiisfein edge ;iio np lo 27 meleis. 

The depai lines ol Ihe iniiini;iiiy o* giomuled se;i ke 
limn the iN-nielei deplh eontom eonUI p(‘*sihly .esnil 
lioin n eoiisliiiie nveingiiu! process. Umvevei. jiisl lo llie 
east ne;ii I’loss Ishiiul. lln; honnd.iis ol shoielasl ice 
appeals in iollow the IN-melei c«mtnni ir.nco moie 
closely. 

I igiifc N slioWN the lonhal t'ottnui ol the Nhouhisl 
bulge in milei lliinison Uav . Ahtioiigh soniewlial hoiken 
up hy this date. .tnl\ 3. a Mihsianiia! poii«oiiol llie iin^> 
ol gomnded ice leniains. Al ihe lop ol ilic lieuK . the 







ring consists largely of a stcnUcr curved band of lee. This 
feature has been observed by aircraft during spring 1973 
and 1974, and appears to consist of huinmocked icu. 
Tire relative stability of the ring of siiorefast ice has 
posed a problem for some time. It is generally presumed 
that the boundary of shorefast ice is formed mainly by 
grounded shear and pressure ridges. This ring of ice 
appears to be quite stable, demanding some explanation 
beyond ordinary grounded pressure ridges. The large 
expanse of hummocked ice may be the explanation. 

Although the morphology and dynamics of shorefast 
ice are (Complex and dependent on sporadic 
meteorological and oceanic conditions, the results of this 
rcmote-r»ensing analysts reveals that the major 
morphological features are consistent from one year to 
the next and coincide with previous reports. This 
recurrent tendency of sea-ice morphology should help in 
the planning of petroleum activities and structures in an 
area of Alaska which presents unusual problems for the 
oii industry. 

Floeberg in the Arctic Ocean 

Another related area of sea-ice study where satellite 
remote sensing has proved bencncial is the location of 
observation platfonns in the Arctic Ocean. Some of 
these arc the relatively rare ice islands (massive tabular 
icebergs) and ice floes (multiyear ice), but they slowly 
move, carried by the Arctic Ocean circulation. For some 
applications, stable fixed platfonns arc preferred. For 
the past 2 years, Landsat images have revealed what 
appears t«i be a grounded floeberg located at 72° N, 
I62°W (a strategic location approximately 160 
kilometers northwest of Barrow. Alaska). A flt>cbcrg is a 
large piece of multiyear ice, usually consisting of old 
pressure ridges. Tliis feature is grounded on a scanuuint 
in water appruximatcly 30 meters deep. Figure 9 shows 
a portion of a Landsat Image, obtained May I, 1973, in 
which the feature has dimensions appruximatcly 5 by 16 
kilometers and ap|x;ars to be acquiring new tee us the 
Arctic ice pack is driven arouiul it. Figure 10 shows the 
same feature nearly a year later, March 21. 1974. Here 
the tlochcrg is nearly as wide as the previous year hut 
only about half as Umg. These data would seem U\ 
imlicatc that the lloehcrg is relatively stable. We recently 
acquired Laiulsal image I40(v22l.3l obtained 
Soptemher 2. 1973. cimtainini! the- iriKudinatcs of the 
iloeherg. At fust, wo thougl i lliat some mistake had 
i)ccn made because Iho usually obvious Iciiluic did not 
ap|)car to he within Iho sciMic. I■inally. nsiiip the 
coordinates oi\ the image, we located the Iloeherg. At 


that time, its si/c was approximately 1 hy 2 kilometers. 

The September 1973 Landsat image has greatly 
changed our perspective of that feature. Apparently, 
very little, if any, of the feature is a true floeberg; most 
of it is a recurring hummock field perhaps initiated by a 
grounded ice fr^ature but reduced in si/c by 
disintegration during summer. Nevertheless, there arc 
many interesting aspects of this ice feature. One of these 
relates to shorefast ice discussed earlier. How similar is 
this feature to the fields of hummocked ice comprising 
the ring of shorefast ice in Harrison Bay? Perhaps this 
type of structure is more stable than grounded pressure 
ridges. 

The feature at 72° N, 162° W offers an opportunity 
to study many aspects of ice dynamics and is, at this 
time, the object of possibly two surface expeditions next 
year, if it is still there. 

MAPPING OF ECOSYSTEMS 
ALONG THE ALASKAN 
COASTAL ZONE 

Petroleum exploration and dcvclopitKnt offshore and 
onshore has a profound effect upon the adjacent land 
and its people. This relationship is currently exemplified 
in Alaska by the sometimes conflicting activities of 
extractive industries and the small socioeconomic 
structure of native villages in the sparsely inhabited areas 
faced with imminent development of massive scale. Tlic 
challenge of these fast-paced events for governing b^xlies 
is to become capable iif managing and controlling the 
development in a constructive and timely manner, so 
that divergent interests can acconiiiiodatc reasonably 
well those values which best serve the indigenous people, 
the state, the nation, the land and sea environment, mid 
the total resources of the region impacted hy the 
development. 

One method which is actively considered to meet this 
challenge is to establish a system of land classification in 
the coastal regions based upon the natural ccoHystcnv: 
which dominate an area. SiKcific species of vegetation or 
types of wildlife habitat which seem to prevail in a given 
urea need not ncccHsurily receive priority in planning; 
however, at Hie minimum, there is a basic need to have 
detailed knowledge of what is present he fore one can 
sort through priorities and determine wliat shotifd he 
permitted to alter nr replace the naturally ticcurring 
ecosystems. On a regionwide basis, some sties arc more 
suited to development than others. These need to he 
ideiilHied and agreed upon in any land use regulating 
system. There arc oilier areas wliich are particularly 
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I igurc 9. A lloobcrg (gruiiiKtcd iimltiycar icc) approx i.natcly 160 kilor.jctcrs northwest of Bartow ami first noticed on a Landsat 
image acttiiirvd May 1. 1973 (1282-22261). flic tlochcre is at the right center of the illiislratiun and has dtmensiuns of 5 by 16 
kilometers. 


iloserving of prolcclitm under viirrcnl and atitlcijhitcd and Ihc Alaska Deparimcnl of lutvtrontiiental 

values, anil these criUeal arcaS should be recogni/ed and ('oiiseival ion, is anuly/ing Landsat data by 

shoiikl receive the appropriate regulation. computer-aided tcchiikpics \o map ccitsyslcm units and 

With half m Alaska's coastline potentially or actually coastal i)mccsscs in four represent a live rcgkms the 

impacted by petroleum exploraliim and development, Alaskan coasial /one. Included arc Prudhoe Bay and 

the regnlalion of coastal /one activities is an enormous Becchey Point on the Arctic coast, which consist cluelly 

cndeavoi , especially when one contemplates that Alaska of arctic tundra, thaw lakes, and coastal wetlands: the 

has iihul than half of the total United States coastline. Seward Peninsula, which has a mix of upland and 

A systemalic survey on tliis scale would stretch over lowhmd tuiulia, harrier islands, and some mouiitain 

several years and with c«mveiitional tcchnittues alone terrain; Kot/cbiie Sound, wind) contains uplands, a 

wriiild he incapable of addressing the urgent need of the major river delta, and Imvland tniulia: ami a portion of 

pioseni era. *he eastern slmre of (‘imk Inlet, which is dominated by * v 

wetlands, forests, and glacier-teil rivers. 1 lie latter icgroii 
has l)ecn iinpaelcd hy oil and gas developinenl for the 
General Approach past decade. 

Ihes^* tour regions were selected tn reline the 
flic University ot .Maska. with sup|hul frt»m NASA leclmii|ne< 'hicli can prove most useful In land use 
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riguic 10.- 


The same ilocbcrg a!i in figure 


9. obscived almost a year later, on Match 21. 1974 (landsal Imaf.e 1606-22203), has 
dimensions ol‘ 6 by 8 kilometers. 



planning of ihc coastal zimics. Computer-aided analysis 
was chosen tt> minimize the time necessary to extend the 
ecosystem mapping cITorts to titc entire coastal area ol 
the mainland of Alaska. In view of the lack of 
ground-truth infonnatittn and the random-mosaic 
patterns in wildland areas, we decided not to use the 
supervised approach, which depends heavily upon ll*e 
quantity of identified training sites and the unifonnity 
of the information which can dcscrihc them. 

n»c unsupervised classification method of crnnputer 
processing lends itself well to mapping the multitude of 
units of ground c«)vcr that occur naturally in tvildiaiidu. 
provided that the many spectral differences which are 
inherent in tlie data can he Ibund to have Informational 
value to resource managers. Care must he exercised to 
maintain crmlrrd «>f the automatic dassilicalioii 
alg>.irilhms so that nieaninglul outputs are obtained that 
can he related reliahly to the teal world. Indeed, 
nmltispcctral systems tend to reveal ntoic teat ure classes 


than we at present know how to use profitably, allluwigh 
this by no means need he a disadvantage. The key is to 
be able to economically select tlmse features which have 
informational value, and to (temporarily) discard or 
merge those wliich appear to have unknown or 
superlliious meaning. 


The Unsupervised 
Classification Technique 


The ctassificalhm technique tised to generate Alaskan 
ecosystem maps is ilhistratcd by the Ihiw diagram ol 
figure 11. The method first deline.s a mimhei of 
s|H!clrally dbliiict calegrnics Itom an iterative tlnsl‘’r 
analysis «*f small samples Itom the area to be mapped. 


lis is Itillt'wcil by liic cbissiticulion ol «hc ciilirc area 
F :i inaxiLiitmi likcliluMHl pro^raro llic piiiiibt: nt 
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i igUK* II. I low chart ol' the unsupcfvisetl dasMtlcaliun algorithniN uscil for generating ecoxystem maps of the Abskaii coastal zom? 

from I ami sat (ligilal imagery. 


Cicoiuclrically corrected loiniais can be made at 

any scale and include holh line-printer maps :ind 
Cidor-eoded classification maps, or a series of colored 
I he Ilia tic maps. 

While the chissMVtatUui is basically tiiisttperviscd. 
Ibeic Is adequate provision lo ensure that the computer 
is producing tisel'ul results helorc the output pnulucls 
are generated. A review ot the mimhei of* classes ami 
their spectral characteristics amt statistics can detenmne 
whetliCi «>i iiol pifililoiUs atc iiiiieicoi ill the defiiiilioii 


ol the categiiries during tlic eUisler anutysis step. The 
number of hscrele categories, which arc gcnerulcd from 
varying types ol terrain in the area to he niap|H*d. can be 
regulated by manipulalhm of the sample selection and 
limh dell III lion crileria. Once well-behaved statistics 
have been produced by the chisici analysis on the 
reprcsenlative sample of the raw data, the ciUire data set 
is economically classified hy a maximum likelihotnl 
program or oilier appropriate ctassinealioii scheme. 

Ibi.' Miiipol oj the elassitication program is in digital 













tape foriP which c*iii drive u cidor image recorder after 
specific colors have been assigned to each class. 
Typically, there arc more discrete categories identified 
than arc desired or useful for a given application: it is 
necessary to tentatively identify each class as to 
lundform or type of vegetation by correlation witli 
ground truth and the study of the spectral signature of 
cacii class. This can be relatively straiglitforward or quite 
an extensive effort, depending upon tlic orderliness of 
the original data and the amount and type of ground 
truth available. 

In one important operating itukIc, the unsupervised 
classification technique can be used as a tool primarily 
to identify those areas for which detailed ground truth 
must be acquired. It is not at all necessary to acquire 
ground truth before performing the classification, and, 
in fact, one usually obtains tire right kinds t)f 
ground-truth data of better quality at lower cost once 
tlie automatic classifkatlon pnw:cssing has indicated 
where it is and is not needed. 

Once appropriate colon arc assigned to each class, the 
output products arc generated in the form of 
color-coded classification mnps or a series of colored 
thematic maps for ihose classes of inteicst. Any or all of 
the recognizable classes can be used in the final color 
product, which can be generated at any desired scale. 
The classified digital tape forms a permanent data record 
from which different themes and color products may be 
produced for application to other disciplines. 


Results 

The unsupervised classification technique has been 
applied successfully to jxjveral areas ol Alaska in the 
coastal Zone as well as in the interior. As an example lor 
the coastal zone, it was applied U> the Prudluic toy and 
Bcechey Point areas on Alaska’s North Slope (fig. 12). 
For the 5000-squarc-kilomctci region mapped near 
Putdhoe toy, the unsu|Krviscd chissillcation of the land 
area resulted in 1 5 cctisystcm categories, excluding siuiw 
and ice. These categories were idenllllcd by a-rrclatitm 
will inde|Kndcntly available ground tnilh and are listed 
in table I. Six categories represent varitnis types ol 
tundra vegetation, four retnesent hate griHUKl, and five 
represent watci wilh varying degrees ol sillathm or 
depth. In addition to the 15 land calegofies, the 
ctnnpnter analysts reettgni/ed 55 spectrally ditlcicnl 
calcgttries of snow and ice. Six o\ I hose reprcscnl mu'w 


apparently associated with anclu>r lee which I onus on 
the bottom of shallow lakes, remains submerged during 
spring, and melts more slowly than surtacc lee. The 
other snow and ice categories occur offshore and arc 
believed to he rclatahlc to sca-iLc ,.;,>rphology and 
conditions, based on the spatial pattern of their 
distribution and tliclr spectral signatures which suggest 
varying degrees of wetness. Unlortiinatcly, tlic purpose 
of tills project being the mapp ng of land ecosystems, 
the ground-truth data on sea-ice and lakc-icc conditions 
during early July 1973 are nol available for detailed 
identification and verification of the snow and ice 
categories. Nevertheless, the ability ol the unsupervised 
classification technique to differentiate between varUms 
types of snow and ice, as well as between varying dcRrecs 
of water siltation, is promising and of considerable 
interest lo scientists and engineers studying the 
near-shore and outer continental shell in preparation for 
petroicum teasing. 

Color-coded classification maps resulting from this 
analysis arc illustrated in figprc 1 3 for the Prudlurc toy 
area and in figure 14 lor the Bircchey Point area. The 
color code for these maps is listed in table I. In these 
examples, we .selected the color blue for water, brown 
for bare ground, and red for tundra vegetation with 
varying shades of cacli color representing subclass 
within the main category. The purpiwc of this sr lection 
was It) rcpicscnl all classes Idcnlificd by the ar alysis in 
such a way that, for certain applications, the colors for 
the subclasses could be merged mentally inU> the main 
class if ncssary: for instance, tundra - red. In retrospect, 
t)wing to tlic inaccuracies inliercnt in photographic color 
printing, we believe we probably should have selected 
more contrasting colors for Hie subclasses. 

For the coastal /one management application the 
first question to be addressed is to delinc the boundary 
of the coastal /one. Ii may extend from one to luindreds 
of kilometers inland. This rirsw>rdcr application of the 
computer -pr<»ccsscd Lindsat data Is at a scale o{ 

1 :250 000, which is usually adequate for the appraisal tif 
the extent of the CiKistal zone, based on cemystem 
indicators of ureas dominated by the iiifiuence ol the 
sea, sea slorms for example. For tins application, the 
preliminary crmchisiou reached Ironi an examination ol 
figures 1.^ and 14 is that, for the most part, llie analysis 
of the l.amisal scenes was not carried far enough Inland 
to define the coastal /one Imiimlary. It only apivars 
^ di tioctly at the bottom of tiguri: 14 Im the IWochey 
I area, vvliere the c»>aslal tiituha breaks rather 

f consistently inli» welldiained tundra with vigonnis 
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1 i, Hire U, l ;iiuls«t inw-e atqiiirrtl im July X 1973 (I M4-5I28M. over l*rmlluKM»ay Irlj’l.r tviU^^ 

lUTilicy l*oinl Jli*t‘ u'litcrK Alistii. 


Muiiiiticiiictil liccisinirs. i»l comso, mnsi l>e inailc upon 
mnic ilct:iik‘il kimwlcdfic i»1 laiullomis uul ccnsyslciiw 
lIuH ihc tlcriuilinii ol awNliil /oiii’ l>»aMul;uics. Mk* same 
Lomputoi oiilpiils as illiisfialcti in lijiiiics J3 aiul 14* 
vvficH llioy arc ivimiuUkciI al lai'*ci %cales, Midi as 
I (i3 M) .M l:24UtHK eaii also he Useil miuy, tiK* 


sctniKl-orilci application «»1 proccsscii silcllilc ilala. At 
these scales* the extent ami variety ol sMrlace leatmes 
ami ecosystems classes aie accnialely mapjKMl in the 
ilctail iieeileil lor the ileeisioniiiakin^* process o( lami use 
management. 
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TABLE I LAND ECOSYSTEM CLASSES FOR TWO ARJIAS OF 
THE ALASKAN ARCTIC COAST 


Color code 

Feature 

Water 

Very dark blue 
Dark blue 
Deep blue 
Light blue 
Medium blue 

Clear, deep water 
Clear, moderately deep water 
Clear, moderately shallow water 
Silty or shallow water 

Shallow water with sparse aquatic vegetation 

Barren ground 

Black 

Dark blown 
Medium brown 

Very dark red 

Wet sand or mud 
Wet outwash sand and gravel 
Dry outwasli sand and gravel, gravel pads, 
camps, roads, and runways 
Mineral soil with very sparse or stressed 
vegetation: forbs, grass, and dwarf shrubs 

Vegetation 

1 

Dark red 

Medium red 
Deep red 
Dark orange 

Orange 

Medium ycllowH>rangc 



Wetlands, frequently drained lake bottoms, 
with sedges, aquatic grasses, and mosses 
Wetland bog 

Wet tundra, with sedges and aquatic moss 
P(H>rly drained tundra marsh, frequently 
low-centered prdygons with sedges and dwarf 
shrubs 

Moderately drained coastal tundra, freiiuciKly 
higlvccntcred polygons with willows, dwarf 
shrubs, and lichens. 

Well-drained upland Uindra with vigorous 
shrubs, forhs, and grasses 


CONCLUSION 

The projects described in this paper 

arc expected to contrihiite signtficantly to two programs 
related to tlte natiotrs search tor additional energy 
Htmrccs in Alaska: The cnvironiiienlal asscssnienl ol the 
Alaskan outer coiitinenlal .ihelt uiuleMakcn by NOAA 
and Bureau <d Land Management (B1.M) *n preparation 
fur the leashg ut olTsliorc tracts with |K*lrolcutii 
potential and the rormulation ot a coastal /t>iic 


tnanagcmenl plan by the Slate ot Alaska. In particular, 
the deinonstralioii projects have shown that Laiulsat 
data can be used elTec lively lor developifig models o\' 
suspended sediment transport and Ibcierotc lor 
preparing contingency plans haseil on the movement of 
oilspills ii\ Alaskan coastal waters, tor planning 
navigation r<mlcs and offshore drilling strucUiics in 
coastal areas where sea ice is prevalent, and tor assessing 
Hie potential physical and hhdogical impact ot 
dcveiopnuMita! .activities on the coastal /ot>e. 



I 




I'lgurc 14.- Co!or«odc4 ecotiyMcm map of ttic Bcochcy Pointy 
Alaska, area, bused on an unsupervised classilkation of i\K 
Landsat Image UlUKtrated In Hgurc 1 2. Tlic color code is in 
table I. In comparison with figure 12, the classifleation has 
enhanced the barrier island chain, and has separated the 
sea'ice types in an uprarently meaningful way. 


i'igure 13. Colorcoded ecosystem map of a 5000*aquare> 
kilometer area around Prudhoe Bay, Alaska, based on an 
unsupervised classification of the Landsat Image in fijnirv 
12. The color code for tlie land ccusyntem classes is 
pTovIded in table I. 
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C-9. Coast Guard/NOAA/NASA 
Great Lakes Project ICEWARN 

T, IX llrcnffan^ mill R. T. 


During the v/intcr of 1974-1975, a joint project 
between the U.S. Coast Guard (USCG) and NASA was 
conducted to map Great Lakes ice cover on an 
operational IcvcL The Great Lukes systenu often called 
the fourth seacoast, is bordered by many highly 
industrialized cities that rely heavily on ships for 
transportation. For example, over 70 percent of ll;c iron 
ore processed in the United States is mined in the 
Masabc R;ingc near western Lake Supeiior and 
transported by ship to steel mills, particularly in Chicago 
ami ClcveianJ. Because of the industrial iin|Hnlancc of 
tile Great Lakes, a f*cderally sponsored winter navigation 
demonstration program involving 12 Federal agencies, 
led hy the Corps of Engineers and the Coast Guard, has 
been ill existence since 1971. The purpose of tlic 
program is to determine tiic feasibility of and to provide 
for year-round navigation on tlie Greal Lakes. 

Project Iccwarn is a joint effort of the U.S. ('oast 
Guard, the National Oceanic and Atmospheric 
Adminisi ration (NO A A), and NASA to estahiish the 
ojx'ralionul feasibility of using renune sensing to provide 
all-weather ice information for Great Lukes winter 
navigation. To be useful to shippers, the system must be 
capable of u}Hlalhig ice information daily. This 
capability is necessary because ice types and 
distributions arc rapidly altered by sliifiiug winds and 
weather coiidilums. In order for a ship captain to use the 
informal ion lor navigating around an ice Hold or through 
a portion of the ice tliat his ship is capable of traversing, 
the iiifoi inatitin must he accurate as to ice coverage and 
thickness, livery day that an iron tne ship is delayed or 
beset in ice, the cost of transporting the cargo iiic leases 
by approxiimitcly $10 (KK). 

The reniote-sciising system used »n l^roject [cewarn 
was developed hy NASA and was jointly demonstrated 
by the ('oast (mard.NOAA. atul N\SA this past winter. 
Eigiiie I shows the vaiituis elements asvxiaied with 
Piojeet leevvarn. A (\nist (Juard C-l h) atieialt eipiipivd 


with a side-looking airborne radar (SLAR) system 
routinely suivcys selected regions rrf the Great I akes 
from an altitude of 1 1 000 feet. The advantages of tlie 
SLAR system are twofold. First, SLAR produces actual 
radar images of lake ice cover rather than charts drawn 
hy a visual observer. Second, the system has an 
all-weather capability to gather ice information. 

Another advantage is that imagery can he transniitled 
to tlie Coast Guard/National Wcaiiier Service (NWS) Ice 
Navigation Center in Cleveland, Oliio, hy two |>ossihlc 
comiminication networks: a continuous real-time 

ullraiiigh frcc|iicncy (UIIF) uplink transmission tmm the 
SLAR aircraft to the NOAA Geostationary 0|xrational 
Envlroiiinental Satellite (GOES) and a subsequent 
S-hatid downlink to the Wallops Island station, which 
relays information to the Cleveland Ice Navigation 
Center hy dedicated telephone lines; and a near ieal-timc 
transmission hy an S-band downlink from the SLAR 
aircraft to a number of shore statitms armiivl the Great 
Lakes, whicli relay liiformatitm to ihc Ice Navigation 
Center by dedicated telephone lines. I lic Ice Navigation 
('enter is equipped with an S-baiul antenmi capable of 
receiving directly transmitted SLAR image dumps. 
Equipment is also available to record the SLAR image as 
it is transmitted on both tape and rdm. At the center. 
SLAR images along with hand-drawn interpretive ice 
charts are traiisiiiined by a facsimile scanner over the 
(heat l.akcs marine very high frequency (VHI*) network 
til vessels ope i a ting in the lakes. 

l-igurc 2 Is a schonialic ol the Sl.AR system. A heain 
of pulsed microwave cneigy hriclly ilUiiiiitKites a narrow 
strip on the gr*nuul on hi>lh sides of the aircratt h>r a 
range of 50 kihunciers. Ilie letuni signals aie used ti» 
iiitcnsily-iiuKhilate the trace of a calluuleiay lube, 
which in turn exposes a imwing filni. I he letnrn signals 
are also digili/ctl and recorded on inagnei:: tape toi 
retransmission to the gromul. A ladai Mindsinn iKcms 
immediately heneath the aircralt that is appioxtmately 


‘'I’.S. Ciwst (kunl ntli Distrii l. ( Icvclaml. Oliio. 
*'NASA I ewk KoA'arvh (Vtilcr, ( Icvclaiul. Ohio. 
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1 . Tiic variouK clcmcniJi asNociiileU will) Project Icewurn. 


as wide as twice the altitude ol' the aircraft. For 
example, an aircraft Hying at 10 000 tVet would have a 
hlindspot 20 (K)0 feel wide. 

A key e^;ineiit uf Fnrjcci Iccwarii is the rotHine use 
of an airborne S-hand. shorl*|nilsc radar to nieasnre 
actual ice thickness, hotillng the ice directly beneath 
the aircraft, litis radar system is capable of incasniittg ice 
tihekness tttan accmacy of approximately 2 inches from 
altitudes of 5<KI0 feet or loss. Ice thickness isdcIcrMincd 
by measuring the time dilfcvcnce itc»'‘'ccii the return 
pulses front (he air-ice interface and the ice -water 
interface. Thickness results frmu a typical sliori -pulse 
radar llighl in I ake Su|Vrioi during March 1074 are 
shown in llguie .V 

!‘oi llic 1074-1075 winter navigaliim season, the 
pulsed ladai system was monuted aboard the ('-47 
airciali ofrciated by the NASA l ewis Kescarcit ( enter 
(I cK(‘). flic cipiipment will be tiattsfcrrcd to the ('-I. hi 


SLAR aircraft for the I075*I07<> scasim and will he 
oftcrated at an altitude of 1 1 (MXl feel. 

Figure 4 shows a view ittsidc (he cargo sccttori of lltc 
('-130 looking forward. Included in the photograph is 
the rack syslcm used to house the electronic oquipmeitl, 
including mibourd tihn recorder, digit i/ing electronics, 
tape recorders, S-hand,and UIKMtaitd radios. The ,SLAK 
reccivcr/traiismittet is ntoniitcd on a cargo door in the 
aft section of the aircraft. 

The small S-hand omnidircction antenna numnied tm 
the underside of the ('-130 is oitly 23 inches alxwc 
gr<>uiul dig. 51. 1'he SI.AR aiiteitita could not he 
mounted here because of the short dtsiaiv:e between the 
belly of the aircraft and the ground. Iiislead, the 
20-hH>t-}oiig St AK antenna is numnied on the tail 
section (lig. 0). 

Mounted on top id (he ( -130 Is the UHF aniciuia 
Used to dalahnk the SI.AK imagery to the NOAA/(«OI'S 


T 
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Hgtirc 2. SchcmaHc of llic skfe^louking airborne ruilar system. 


weather statcllitc. This antenna ciMillguralion allows caplain was able to (|uickly receive the neeUeit 

contimunis transmission Irom lil(*otV to latuliiig. The intormulion Iroiu Ihntect Icewain. 

project was starteil In August ot h)74» aiul all eqiiipincnl Figure 7 shows the geography ol‘ the Gieat l akes as 
tor the entire system was |Htrchascd, tlesitmeil. and well as the localhrn of the varunis eicinenls assnc;attd 

installed hy NASA hy February P>75. Allthe equipment with Pr<»jcet Icewarn. The location and approximate 

in the (-KtO was installed hy Litekhecd under contract range of the stations making up the Great Lakes niaiine 

lir NASA during a .Vmonth |>criod from (klohcr VIII* network arc showiK l,aki‘ Superior, Straits of 

lluougli Uccemhor ot 1^)74. l-lighls in the ('-IdO hepn MackiiKK\ tipper Lake Michigan, and eastern l ake iliiron 

in January ol h>75. receive comprehensive radio ctwerage allowing vesseN 

In ilgiire (i. the SLAR aiieraft is shown flying a operating in these areas to aquire Ice intoimalion 

inisnon oil the Straits ol Mackinac, which conned Lake iititnodiaiely as it hecoines availahle. ImiIimc stations wtU 

llinon and Lake Michigan. Ihii; narrows is clogged witli extend this radio ciweiage io att aicas i>t the lakes, 

ice throughout the winter and a*i icebieaker is required S haud data downlink stations were located at ( levelamL 

to assist ships in moving through the straits. 1 he captain Ohio, and Sanll Sle. Marie, Mkliigan. 

ol an icelneakcr desired SLAR ijnage l)lnwii])N of this l igme S is an enlargement of pari ot an SLAR image 
area ti> aid him in determining htrw to cut a liack of the Wliiierish area of eastern Lake Superior just above 

thomgh the ice. North of the straits InSault Sic. Marie. the Sim> I t>cks ol the ,Sl Marys River, fills image was 

tliere was an S*baiid ground stalior. that could receive taken l•;hnl;ny .!7. |u75. fhe radar Idimlspot (4 miles 

the .SLAR hnagery ot the straits in real lime. llni>. the wide) is shown rimiiing across the i iphaifot the image. 





Schematic of aircraft oscilloscope display 



Schematic of pulse radar operation 



The biul Icalurcs have a cliaraclerislic liigh signal rcnini 
in this area and are easily identined il oik is at all 
lantiliar with the geography ol' tins area. 

1‘hick <approxima(ely tndicst last ice eucnmpassos 
all the eastern hays. In eonliast, the western sideoniio 
l)iiy helmv Whitclish Point lias only a covering ol thin 
!cc. Tliice vessels can he scon making Iheir way Uiward 
Whilerish Point. The wake ol‘ the soiitherinnost vessel is 
easily disiingnished in »he tliin ice. The inUldle part o‘ 
the hay is coveted with large* thick plales til ice iciro/.cn 
in a matrix ol thin ice and hrash ice thmken pieces oi 
ice) 11 k* plates having a relatively snumlh lopsmiacc 
give very little radar relimi and appear dark in llu image. 
Ihe hrash ice Miiioinuling these large plales has many 
exposed edges and corners and ef>nsei|ncnlly gives a very 
high, white relnriJ. 

WiiulIrhKvn aieas ol hrasii ice ate piled up along the 


western edges o\' this Icepack giving a high signal return* 
Windrowing idten occurs along these hrasliey edges 
making vessel transit without icebreaker assistance 
viilnally impossible. Only a few small areas ot open 
water can he detected. 

A new ship track, the thiti line nttming Irtim right to 
Icli willi a dogleg in the middle (Tig. K)* lias just been 
estahlished alter winds the previous day shifted the ice 
in llte hay ; tlie drtgleg in this track was to take advantage 
i»r the liiin ice aiea along the western side ol this l>ay. 
The iiomnil ship uack would be ri)dil tlimu^U the 
iiiititlle td this icepack. 

l ipure portrays Ihe valiie of SI.AR imu^^ry for 
ves.sel routing lhroiii<h ice conditions. During the early 
part ol April l‘)74. Ihe I’.S. Steel vessel Riiifvt UhiHgh 
received teal lime SI AR imaeeiy. At this lime, ice was 
piled up in Ihe easlern end t»l lake Superior along Ihe 
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Hgurc 4.- View inftidc the cargo Ncctfon of the C-t 3U. Tiie nek 
system houses the electronic equipment, which includes 
onboard film recorder* digitizing electronics* tape recorders. 
S-band* and Ulll‘«band radios. 



Oil the umlcrsidc onhc(’‘13n. 


Canadian shore. By uphi 7* wind form had compacted 
this lee cover along the southern shore of the lake, west 
of Whitefish Point. Tlic Roger Blough, upbound on April 
7, used this SLAR image to navigate to the north around 
this icepack. Tltc icebreaker Southwind attempting to 
transit the normal vessel track around Whitefish Point 
ran Into heavy windrowed ice and also had deviated 
toward the north after being delayed many hours. Three 
days later, on April 10, a southerly wind had opened this 
icepack so the route for the BUn^gh to navigate on 
her downbound trip was a southerly one through a series 
of large leads and open water along the edge of Wlutefish 
Point. 

This combination of an SLAR image (on the bottom) 
and a hand-drawn interpretive ice chan (on the top) Is 
referred to as an ice information product (fig. 10). The 
SLAR image/ice chart combination is the type of 
information supplied to vessel masters over the facsimile 
network. This figure was from the Straits of Mackinac 
on February 1, 1975. The Mackinac Bridge, seen in 
figure 6. is clearly visible in the SLAR image. The ice is 
generally concentrated in the straits around the bridge 
between Bois Blanc Island on the cast, to Beaver Island 
on the west, and it; the up|)cr reaches of Green Bay. 

The hand-drawn ice cliurt attempts to outline the 
various areas ot ice as to average thickness, relative 
concentration, and percentage of various sized pieces. As 
such, it generally “honK)gcni/.cs" the information 
avidlabic in the SLAR image. 

Figure 1 1 shows an tec information product for the 
westwrn end of Lake Superior near Duluth, for 
February 6. 1974. The ice In the Duluth area is solidly 
packed and over 12 inches thick. Its relatively smoother 
surface gives little radar return and appears dark on (he 
image. Tlic numerous cracks and ridges in tliis area give a 
high radar return and lienee appear as while lines. The 
rest of the lake area Is etwered with various 
concuittations of brash ice bfokcii up and moved 
around by wind forces. An area of o|icn water in the 
middle of this image will permit the vessels to avoid the 
ice in this area, elimitialing co.stly delays. .Sucii open 
water areas will sliifi with the wind and may be 
completely dosed up (he rtcx( day. Such dynamic 
condith^ns poin( to (lie need for rcahlime informadoii as 
well as daily updating during pcrhnls of rapid whul and 
weather shifts. 

For Priijed Iccwani. 55 lligf.ls were made during the 
winter of 1974*1975. accumulating duals of 2b5 fiiglK 
hours and more than X2 ^100 miles. Approximately IdO 
.SLAR image/ice charts were mad^' available for 
tuoadcast to (he users. 2H vessels, including 2 
icehrcakois. Il was the first year tluit shipping cniitiiiiied 
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Duluth 


I’^re 6.- T!u S\AR aircratt flying a minion over the Straits of Mackinac. Note the SLAR antenna mounted on 

the tail section of the C-1 30. 


Ltqtnd 

^ Base tor SLAR operational flights 
■ Aircraft downllnli rectlver loc^ions 
• usee ice information center 
▲ Communication Input center for marad system 
^ Marad transmitter location 
W Central radio transmitter locations 



NWS forecast office, Detroit 

I 

Lorain Electronics 


USCG Ice Information Center. Cleveland 


NASA LeRC. Cleveland 


Huitrc 7. Ihe < irciil t.akos icc informalUin ttelwork. ciH|>havi/ing the ;!lcitKnls assi»ciidiHl willi l*r<»iccl lie warn. 
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» igurc 9. Ujtc of SLAK inuigcry for vessel roulint! under Great Ukes ice conditions. The solid line in the top photogruph represenls 
the uplHHitid track of the Hm'r HUmh on April 7, 1974. The hfuken line in the bi>llon> photograph represems the downlnmnd 
vessel truck chi April 10, 9974. 
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I 1 1 An SI AR inwpr/kc or Uv information product for the xvestem end of Lake Superior on I ebruary 6, 1974. 
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C-10. Oiispill Surveillance, Detection, 
and Evaluation by Remote Sensing 

Donald R. Joncs^ 
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BACKGROUND 

Both llic 1 970 and 1 972 amendments to the Federal 
Water Pollution Control Act, in addressing the problem 
of spills of oil and hazardous substances, required the 
appropriate Federal agencies (Environmental Protection 
Agency (EPA) and Coast Guard) to establish a system of 
surveillance and notice Uestgued to ensure earliest 
possible warning of these spills, so that necessary 
cleanup could be initiated along with the appropriate 
enforcement action. With the regulation defining u 
"harmful quantity of oil" as a discharge onto water 
producing a film or sheen upon, or discoloration of the 
water or adjoining shoreline, it followed that 
surveillance, detection, and notice of an oiispill were 
directly linked to visual or c({uivalcnl means of 
ohservation. 

Tl'c initial research and development cITorts by liPA 
and Coast Guard rccogni/.cd both the large areas of 
surveillance required (slupping lanes, offshore oil 
platforms, harbors, inland rivers, and lakes) and the need 
for surveillance at night atid under adverse wcalher 
conditions. Alsi>. incidents t)f very large spills, in excess 
of 500 000 gallons, were known to affect large water 
areas and many miles of shoreline, such that effective 
cleanup response would require immediate aerial surveys 
to identify where the oil was and the slu>rclinc areas 
most heavily polluted. Thus, the system of surveillance 
wiuild require (1 )cquiva1enl additional detection 
m.etlu>ds other than visual, (2> aerial surveillance tor 
large arcus in a routine and operational dcicctimi mode. 
(.^) immediate aerial mapping of large spills hr support ol 
cleanup response, (4) oil thickness iletcrmiiialioii by 
aerial remote sensing to determine qnanitty spilled 
(unknown in many large spill hiculcnts) and ihus 
identify the heavier oil accumulations for cleanup ami 
assesstiient of any cnvironmetOal damage, and 
1 5) fixed-platform antoinaltc sensors to montior 


higlwisk oiispill sites in harbors and at oil transfer 
terminals. 

The so-called "system of surveillance*' was an 
evolving one, however, initially concentrating on 
optimum bandwidths for photographic detection of oil 
slicks and nonvisual methods for detection during 
niglittime and adverse weather conditions. The EPA/U.S. 
Coubt Guard sponsorsirip of a number of studies and 
investigations led ratlicr quickly to a battery of 
state-of-the-art nonvisual airhorirc seniors that could 
detect a variety of petroleum products on water in most 
environmental conditions. Well known now arc the 
capabilities of active and passive microwave radar, 
multispcctral line scaniKrs In the ultraviolet and 
thertnat-infrared spectral ranges, low-light-levcl television 
(niuUtS|)cctral), and ultraviolel-induced flumescencc to 
successfully discriminate oil on water. Last, hut far from 
least, were tlic proven capabilities of aerial cameras at 
liiglt and low altitudes to map large areal extents of big 
oilspills, ul though only in daytime, good weather 
conditions. The latter had been amply demonstrated for 
*\\c four oilspills. each involving more than a million 
gallons: Santa tkirhara. January I9(i0;('hevroti platform 
bk»wout. Gulf of Mexico. April 1970; Shell platform 
blowout, Gulf Mexico. Dccenihcr 1970; and tanker 
collision. San I raucisco Bay, January 1971. Tlie NASA 
provided effective higli-altitudc coverage of both Gulf of 
Mexico spills from WB-57 aircraft. Figure 1 illustrates 
the value of I hernial-infrared and aerial photography in 
mapping oilspills in the (iulf of Mexii:o. 

The remaining elements ol the surveillance syslein 
have been or are in the process of being completed 
tliiougli a combined I*Fa/(I.S. ('trasi (iiiard teseaicli and 
development (KiM» piogiam svitli coiitimied assistanec 
from NASA ami the Naval KcM'arch I aluMiJoiy. Tliesc 
el forts have niviged into <i|>erati<mal applicalions lo an 
extent that an iiilenm system ot oiispill surveillance 
exists and is iiccom|.!ishtng its puipttse. This paper will 
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Hgiirc 1. Iiifrurcil inugcry (rjckinj: the oU slick whkii fesuUcil I'roiii the 1971 SlicII Oil platt'orin B lire In the (iulf o! Mexico. 


hrictly Ucscrihc the oiispill xiirvcilbncc activities ot ihe 
liPA and the U.S. Coast Guard and also outline plans to 
iiii|Hove and augment the existent stiTveillunce system. 

CURRENT STATUS OF OILSPILL 
SURVEILLANCE 

When liPA was I'ormed in Deceinher from 

elements ol a mimher ol other I'ederal agencies, a 
lorlntuuis inheiilunce IVom the tX'parimciii ol Health, 
F.dtication. ana Wei late was tie Western luviroimieiilal 
Research Laboratory at Las Vegas. Nevada. It is now the 
National Lnvlionmenlal Research Center (Nl'KtT. At 
this lacility were several p»n|)cller aiictalt. vintage World 
War II. that weieiised tor an sampling prohes in support 
oT uiuleigroimd inicleai weapon tests and inoiiimiing ot 
unclear powersites. 

Dining the ncM several ycais. a icmole-sensing 
lacility was established in tcspmisc to varied jiid 
i'oiwideiablc llcadiuiaitcis and regional tcupiesls lor 


water and air |rolUilion surveys, one ol the earliest rrf 
which was tor aerial mapping ol' largo oilspills. 
Importantly, all Ibe elements and rci|Uirements of a 
remote-sensing system were emrsidered; thererorc. a 
nuidern pluUographic laboratory and relevant data 
processing and reduction raeililies were establisiied. 
Skilled iKMsonnel. brrlh (ioveriiineiit and contractor, 
were bionghl aboard to ensure nieaningliil analysis, 
evaluatioir. and presentation ot' the data aci|inrcd. 
Although a modest and small o|reralion in comparison to 
the NASA Larth Resoinces Aiicialt Project, the Las 
Vegas tacility (aUmg with its satellite center, the 
iMiviroimiental Photographic Inteipietation ('enter at 
Watienlon. Virginia, ami coiiiiactoi data aa|nisiii«m 
MipjrorO has proved ir» be a very cHecltve rctinUe •sensing 
applications unit. The Moliawk, and (*-45 aiicialt 
ate used loi remolc-seusiiig missions. They cany a 
vaiicty o| intiared cameras, scanncis, lelevisinii 
eiinipmenl, and a specnomelei. A mnnbei ol siucesshil 
ent«M cement actions have taken place, based largely *n\ 
remotely sensed data, and aeiial pinMngiapiiic mapping 


r 

r 

¥ 

[ of oilspills has bccimie an integral and necessary element lo !0) in varimis parts of the country. TItesc surveys are 

i of effective cleanup operaiums. Two recent major oriented to compliance inoniloving to ensure that tlie 

oilspills (Fcbrua.y and March U>75) and the supiMuting facilities arc carrying out the requirements of the \V\ 

las Vegas rcmotc^scnsUig operations served to illustrate oil pollution prevention regulation, 

this capability that can Ire brought to bear on a major The U.S. C<»ast Guard has cstablislied an interim 
oiispill anywhere in the United Slates normally within a aerial surveillance system using sik Grumman IIU-l6li 

matter of 6 to 12 hours. Figures 2 to 4 arc examples of fixed-wing aircraft equipped with Infrared and 

aerial photography taken during overfliglus of a ultraviolet sensors. This system is utilized primarily in 

million-plus-gallon spill resulting from a tanker collision, detecting oil discharges from ships sailing in U.S. ciwstal 

cxpUision, and tire in the Delaware River. Figures 5 to 7 waters and llic Great Lakes. In addition, CiUisi Guard 

are products from NERC coverage of a large spill In the shore units, harbor patr<d craft, and helicopters all liavc 

Mississippi River near Vicksburg when a barge hit a an oil pollution detection mission. Tltis surveillance is 

primarily for enfurccinent purposes in both accidental 
A second and also practical application being carried and deliberate discharges, 
out by the Las Vegas remote-senring facility is the aerial Tltc Coast Guard assesses the civil penalties for 
surveying of oil production and storage facilities (figs. 8 discharges, and prepares the case (for the U,S. Attorney) 
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Hgurc 3.- Saiiic sutca shown in figure 2 surveyed by N1‘:RC 8 days after the spill. 


for criinitnl jKiialty in those instances of failure by llic 
splllcr to ituincdiutely notify the Coast Guard. Tlic 
interim system is not intended for aerial mapping and 
assessment of large oilspilts in support of cleanup 
operations. I1ie developing Coast Guard aerial 
surveillance system (to he described in the next section) 
will have this capability along with a cimtmensurale 
buildup of data processing and evaluation facilities. 

Provisions for surveillance, detection, and 
cvaliiation/asscssincnt of oil pollution are being based on 
both an aerial and fixed platform (remote sensing and in 
situ) system. The latter system is applicable to local 
areas such as harbors, marine transfer terminals, and 
industrial oiMiaiulliiig facilities in inland rivers. Uolli 
liPA and Coast Guard have siip|Kirted R&l) projects in 
developing a niimlicr of noiivisttal. rtuiud-the-chick. 
all-weather sensors with the goal of establishing a 
monitoring iiciwmk in high-risk i»fspl11 areas. 

An Initial active inftared scnsoi system will mmhi Ik 
installed in New York liarbor by the IJ.S. (‘oast (iiiard. 
I ipiitc 4. Ohlk|uo view of the New side the Delaware |.pj\ ini>;tied sensor is now in ojKiatlim at the 

Hivtft, lakon «ii tlK- simv iKiy « fitiuri' 3 . -iltiming Kk- «>« jjt;i»ion in (lie ll.msloii Stiip numiel 

al(iti|2 the shore. 
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at Galena Paik, Texas. Other oil sensors arc being 
evaluated at the Coast Guard R&D Center In Groton. 
Connecticut, and some of these will ultimately be a part 
of the local area oilspill detection system. It is important 
to note here that Tcderal surveillance and monitoring of 
oil p«>llution will always be by random sampling. As 
oilspills can and do occtir anywhere and at any tiiiK, it is 
latently impossible to look for them everywhere 
simultaneously. Tltc oil pollution laws and regulations 
require oiMiandling operations to display a measure of 
resprmsibility In alertness for mandatory rcpi'rting. 
which in turn requires a degree of self-inonituring, The 
Federal surveillance and monitoring is designed to act as 
a spill deterrent and to provide reasonable assurance that 
the laws are being carried out. 


FUTURE R&D SURVEILLANCE AND 
MONITORING PROGRAM 

The Coast Guard has undertaken the devviopment of 
an airborne sensor system to detect, classify, quantify, 
and map uils|illls on the (Kcan surface. It is called the 
Airborne Oil Surveillance System (AUSS). 

Functiinis of tiie AOSS arc to (I ) detect oil slicks. 
(2) indicate tlie magnitude of spills areal extent and 
approximate thickness, (3) identify and document the 
soutcc(s) of discharges, (4) assess cleanup u{icrations. 
and (5) gather data regarding llic frequency and 
magnitude of signiflcani spUls. Tlic AOSS was designed 
to meet the needs of both the law enforcement mission 
(large search area with infrequent targets) and the 
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FIfuie S. 


NKRC imagery of an oU slick 


tesulllng from a baiRc accident In the Mississiiipi Kim. The acchicnl hid occurreU the day 
before the phulagtapl< was taken. 
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countermeasures mission (oilspiti assessment under a 
wide range of wc'*tlicr, ligliting, and ocean surface 
conditions). Additional rci^uiremcnts placed on the 
prototype system include ( I ) clYective sutvcillatice of a 
coastal /.one 50 nautical miles wide, (2) long-range (25 
nautical miles) detection of ships and long-range 
detection of oil clicks* and (3) adverse weather 
operations. In addition to the AOSS, the Coast Guard 
has sponsored research for an active tluoresccnce sensor 
for airborne classlftcatioii of oilspills. mullifrcquency 
passive microwave techniques for oil thickness 
measuremcnt/quantification of oilspills. and a television 
system which detects uilspiils by displaying the 
difference of signals of opposite polarization (a NASA 
Ames Research Center project). 

The prototype system was developed by Aerojet 
Electro Systems Company and consists af(l)aii X-band 
side-looking radar for long-range ship and oil detection 
and adverse weather idlspill mapping; (2) a 37-gigahcrt/ 
passive niicrowa«^c imaging system for adverse weather 
spill mapping and spill thickness approximatioiu (3>a 
multispectral low-1 iglil-leve! television system for 
high-rcsolution spill documentation and violator 
identificatum; (4) a multichannel line scanner for spill 
confirmation and discrimination: (5) a position reference 
system lor legal and operational cffcclivencss: and ((>):i 
rcul-time processor-display consi>lo for maxinnnn 
operational effect ivcncss. The system provides for 
false- target discrimination, autonuilcil detect hm 
alarming, and a color display to achieve maxinnnn 
coupling of the sensm in format ii>n to llic cqtijpinenl 
operator. 

Design of the AOSS was initialed in h>72 and 
integration was completed in early in74. Tlic AOSS was 
installed aboard a Coast Guard 1IU-I<>E Albatross in 
June 1^)74 and was llight-testcd off the southern 
('aliforniu coast during a scries of shakedown and 
hackgrouml data flights from June tlmmgli August 
074. Ikivrk ground data lllglits wore conducted mostly 
over the Santa Haihara diannel. where luilural seeps and 
routine shipping activities are cmiimonplacc. The AOSS 
was subsequently based at the C»»asl (iuaid Air Sliitiiui. 
San l iattcisco. and M particij^alcd in a compiebcusive 
llight test program tdl the mu them Calitomla coast 
during September and Oclobei 074. The test piogratti 
iuchided AOSS evaluation of (l)a series ol conholled 
static and dynamic spills mi an ocean she approsimaiely 
lUO nautical tniles west of Santa ('m/. ('aliltuina. 
(2)rmiline tanker discliaij"* operations: (31 sin vcillanvc 
of roiilino shipping and havboi aeliviti*.‘s; (4)pole<itial 
|:i|se and (S)’>')ected ni opnoiiiiiittv . 

t Details of test results lie noictl in the Ihoceedin.i's ol 


the 1975 Conference on Prove ntii>n and Control of Oil 
Pollution. March 25-27. 1975. San Francisco, in an 
article by A. Maurer and A, T. Edgerton.) 

The surveillance sv«fcm was generally reliable, and 
the flight test results demonstrated that a practical 
airborne oil surveillance system is feasible. The tests also 
show the system to be useful for other Coast Guard 
missions. 

Future implementation envisions sensor package 
production to be mounted in six to eight jet aircraft 
with initial surveillance operations scheduled for late 
1977. Pollution forecast models have been proposed to 
develop a large-scale, random surveillance schedule for 
pollution detection in U.S. coastal waters including 
Alaska and the Great Lakes. The EPA reinotc-scnsing 
laboratfjry at Las Vegas is currently assisting the Coast 
Guard in developing a plan for data processing and 
evaluation facilities to effectively handle a “NASA-t'.pc” 
flood of data. 

As noted earlier, both EPA and the U.S. Coast Guard, 
prima'ily the latter, arc sponsoring R&D of botli remote 
and in situ sensiirs for local areas of high-risk oil 
disdnuges. In addition to infrared rcticctancc sensors, a 
laser backseat ter sensor and an ultraviolet lluoresccnce 
sensor arc being tested along with a luiinber of in situ 
sensors. It is aniicipalcd that industry will use sonic of 
these sensors when fully proven as they do serve as an 
early warning device for initiation of immediate 
icpiUting. conective actions, and clean»r,i rcspmisc. 


SUMMARY 

The liPA and llic U.S. ('oast Chiard. in response to 
the suivciilaiice requirements of I'edeial law. have 
established aerial aiul tlxed-plallonn oilsptM detection 
systems, primarily utili/ing iemote-seiisliig means. 
Augmentation and inercasing sophist ieat ton of data 
accfiiisilioii is in tnocess with maximum Miiveillance 
CNpeeleii to oeeui in I97JS and hcvimd. Recently 
initialed oilspill pievcnitnn progianis under I PA and 
('oast (iuaid vegulalions are expeeled to cousideiahly 
reduce the cm rent hieli incidence ol oitspills. As tills 
goal of lediiclton and even elimination in smne cause 
areas is reached. I edeial stnveillaiice reqnhvmeiils will 
eommeiisn lately deeiease. Ih'Wwei, as an iniegial pail 
ot pieveiilimi. it is aiitidpated that imliisliy will 
iiUMvasingly ov local :nea monitoiiirg sensois loi eaily 
oil dischaiue detection amt alarm. Remote scMsine has 
oinvcn hevMiiij dmilit tit he nil elleetive means loi 
oilspill detiMioh ami assessmenl. 
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STATE AND LOCAL USERS 


S-1. Introduction 

GmlcsM, Parrish 


Here, in one sentence, is what 1 consider the objective 
of this session: *To illustrate and compare alternative 
approaches of remote*sensing applications to state and 
local resource management problems.’' The key words 
are ’’alternative approaches” and ’’management 
problems,” which means applications for management 
problems with alternative approaches. 

We have tried to orient this session toward 
management personnel from state and local government 
throughout tlic country. Tire presentations will deal 
largely with examples of applications. General 
approaches will be discussed, but, insofar as possible, 
presentations will concentrate on illustrative examples 
that will give you an understanding of what the users arc 
trying to do. And we want to i<K)k at their problems as 
well as their successes. We would like an indication of 
what they have not yet been able to do, just as much as 
w€ would like to know what they can do. Wc would like 
to look at applications from the administrative, the 
political, and the financial, as well as the tcclmological 
aspects, with the heaviest cm]>hasis on the ted nological 
and the financial. Wc will look at not only what these 
people arc doing but also what they ex|)cct to be doing 
very soon. Wc expect speakers to address themselves to 
what they have learned as it might apply to similar 
jurisdictions else where, to other state and local 
governments. We know that the satellites and many of 
the aircraft and other systems are still ex|ierhncntal and 
are not entirely o|>cralional. 

We also want to look at the relationship hetweeiimir 
stale piogtunisand the rederal agencies, meaning NASA, 
the IhS. GeoUigical Survey (US(iS). and whatever else. 


How .docs wliat the Federal people are doing relate to us 
in state and local governments? How can their systems 
and their programs be improved or changed to better 
meet the needs of the state or local decisionmaker? 

Wc would like for this session to be not only 
constructive but also critical at times. So often we have a 
tendency to feel that wc have to come to one of these 
sessions and sing the praises of Landsat or (»thcr systems. 
Wc do want to know what is go :d about these systems, 
but also the speakers have been encouraged to prtwidc 
constructive criticism for change whenever possible. Wc 
want to try to identify tlic specific issues, the consensus 
on some specific issues, the conclusions, the 
rccommendaiions. and the general feeling of this group, 
so that wc might take to the general session a f'^eting 
about how wc think programs slmuld be dcvelo|*cd. at 
the state and local as well as the Federal level, in the 
coming months and years to better meet the needs of 
tile manager at the state or local level. 

Bill Stoiiey talked ammi the developing consensus 
that the multispcctral scanner is the way to go 
(recognizing that the use of color is very im)>orlanl), the 
tendency toward wanting to look at more detailed 
resolutions, tlic need for data on a timely basis for 
different uses, the need for data on a rc|KUitivc basis, 
and the surprising ability of the user coinmunily to 
adapt to the digital format. Those arc all lechnol«>gical 
things; they all have a hearing tm how successful wc will 
be. Maybe these ideas cun be used as a point of 
departure aud we will see how they relate t*» 
iiiaiiagcnicnt problems in oni slates. 


(ii'orgta Department ut Natural Resemrees. Alhiiita. (K'orgia. 
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S-2. Remote-Sensing Applications 
in the State of Mississippi 

F. T. Bankuoffl 


Back in the period of about 1970-71, Earth 
Resources Laboratory (ERL) penonneL working closely 
with a variety of state agencies and universities, 
thoroughly examined the need for data in Mississippi: 
what kind of data, how often they should be acquired, 
how often updating would be necessary, and the sort of 
resolution needed* After this assessment of needs, we 
concluded that the best format at the starting point 
would be a series of land use maps. In some parts of the 
country, including Mississippi, *^lond use** is not a good 
term ^cause it is not always understood; 1 mean a 
classillcation or an inventory of what is on the ground. 


PREPARING DATA 

High-altitude aerial imagery was obtained in a 
cooperative NASA project. Figure I is typical of a frame 
of that 1:120 000-scale imagery. From this infrared 
high-altitude photography, by using a simple technique 
involving photographic enlargement and 
photointerpretation, classifications were accomplished. 
Figure 2 is typical of the initial maps that were made 
showing the resources on the ground. We can color code 
a map like this (fig. 3) cither by hand or by using more 
elaborate equipment if It is available. Some individuals 
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I'igurc 2.- Initial clasitincatlon map of Harrison County. 
Mbsiwappi, dcvdo(Kd from aerial imajtcry. 


can comprehend a classification map better if it is in 
color. The map in figure 4 shows the present status. The 
darkened areas indicate the parts of the state that have 
been mapped. We tried the mapping on a demonstration 
basis with a couple of state agencies on the coast and in 
the central part of the state around Jackson. The balance 
of our work has actually been production, under the 
direction of the state agency called the Research and 
Development (R&D) Center, which worked very closely 
with our substate planning districts. A little over half the 
state has been mapped with the kind of land use maps 
shown in figure 2. 

The initial plan was to manually update these 
manually produced maps, using Landsat data. Figure 5 is 
an example of Landsat data classified in the Mississippi 
Delta. The original was on a scale of 1 :208 000. TlW 
scale set for the state grid system was 1:24 000 on a 
township basis. At this scale, the Landsat data become, 
at least for a map, something that doesn’t look quite 
right. The importance of it, however, is that wc have all 
this information in digital form in the computer and can 
manipulate it statistically. Instead of manually updating 
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the maps produced from the aircraft imagery, we have 
now decided to go directly to a computer-implemented 
system (fig. 6). 

The objective of this inventory system is to test and 
demonstrate an automated natural resources information 
and inventory system, based on remotely sensed data, 
oriented to state and regional use and directed at specifle 
applications. We expect to obtain simplified pattern 
recognition software, which must be a cross«color 
system, suitable for a general-purpose digital computer. 
We expect to be able to use both satellite- and 
aircraft-acquired data for selected area coverage. The 
system should be able to accept data from other sources 


for correlation purposes and should be capable of being 
implemented in state facilities. Both cost and 
complexity will be factors in whether* or not a system 
can be used by state agencies. It is terribly important 
tiiat the system be within the potential technological 
skills of the people who will be using it. They may not 
have these skills now, but they must be able to acquire 
them with appropriate training and must be brought up 
to speed in both implementing and uung this system. 

The overall management plan Is diagramed in figure 7. 
The plan is closely coordinated among various agencies 
of the state, its central computer system, and units of 
the ERL. 
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I'igurc 6. ' Example of a computer-implemented land use 
dasaification. 


higuie 5.- tjindsat faltJc^olor imagery of the Mlxdxdppi Delta, 
taken in 1972. 


DEMONSTRATING THE SYSTEM 

The following urc sonic specific areas in which we 
shall try to demonstrate the utility of this system. Figure 
8 shows the location of those projects for which exact 
locations have been decided. 

1 . Crop production estimation at the county level will 
be demonstrated in the alluvial plains agricultural area in 
Washington County. Mississippi. The Mississippi 
Cooperative Extension Scrvicc/Crop and Livestock 
Reporting Service is tlie coo|>crating agency in this 
project. 

2. A rural development project will be demonstrated 
in the tricounty area of CalluHin. Yalobusha, and 
Grenada (*mmiies. a combination of hill country and 
delta gctigraphy tiiat is a pilot area lor Implement atuui 
of the I <>72 Rural IX'velopmeni Act. The txicnsion 
Service is also cooperating in this dciimnstration. 

3. ('oastal /one nuiiageinonl will he donumstrated in 
Ihe three coastal counties of Hancock. Harrison, and 
Jackson for the purpose i»l updating land use maps and 
|\)r priWiding nianagement with baseline data such as 
salinity regimes. The Mississippi Marine Rc«ouices 
Council is also working on the project. 

4. Hihan development planning will he detinmsi rated 
ill Ihe Jackson standard mcliopolitaii statistical area 
(Rankin and Hinds ( onntiesi for land use update and 
Lhaiige detection, in conjnnctnm with tl»c Cciitial 
Mississippi IManning and IVvelopmcnt Distiict. ami in 


Dc Solo County (adjacent to Mcmplus) for development 
suitability categori/.ation. in conjunction with the North 
Della Economic Development District. 

5. An aspect of park management, documentation of 
vegetation types, will be demonstrated in Tishomingo 
State Park for possible extension to the 14 other state 
parks. This project also involves the Mississippi Park 
Commission, 

6 . *11 wildlife management, the mapping of wlutctail 
deer liabitat and the determining of carrying capacity in 
one slate game management area will be demonstTated in 
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I'i^itrc K. l.fHJutiuiiK of some of llic Mississippi tic monstra lion 
iircas. 


C(n>pcration witli the MissiH^ippi (kiiiic and Hsh 
('omitiissioii tor possihtc extension to (he 1^> other game 
management areas. 

7. Forest fnanagvMiieti< hy location of arcus in tieetl of 
reforeslulion lor erosittn contrt>l will he demonstrated 


within thi Ya^iKi-Tallahatchie Flo<td Prevention Priijcct 
area in cooperation with the Mississippi Forest 
Cummissioo. 

B. Watershed planning will be demonstrated in one 
basin corresponding to those defined for comprehensive 
planning undet the Small Watershed Act. Tiic Board of 
Water Commissioners is cooperating on this application. 

Certain basic information must be acquired and put 
into the system before it becomes a useful management 
tool. Surface features should be identified as agronomic 
crops* pasture or grassland, orchards, deciduous or 
coniferous forests, marsh vegetation, open water, catfish 
farms, or urban areas. Other information needed 
includes soil types, slope, elevation, aspect, terrain, 
understory forest vegetation, rainfall, temperature range, 
population density, ownership (private or public), and 
accessibility. 

Collecting of ground truth is done by pcrsmincl from 
a number of agencies (table I). Figures 9 and 10 arc 
examples of the types of forms used to ciillcct and 
record data. 

EMERGENCY APPLICATION 

In April 1 975, we had an oppiirliinity to try one 
application. Mississippi was fliKided over some 600 000 
acres. It was deeply Hooded in the major ertip areas of 
cotton, soybeans, and rice. The crest of (he flood was 
approximately 49 feet (tig. 11). This ilmid had been 
forecast in March to exceed (he (97.1 tiood. Because of a 
very heavy snowfall in the Middle West and because of 
the lu>ldiiig snowpack, u sxondary flood was forecast 
for May (hat w<uild exceed tiie April Hood, which 
exceeded tlic 197.1 Hood. I*igure 12 shows some of the 
condtlions of the Helds in 197.1. Because the Hood was 
expected. |K*op1e started moving expensive harvesting 
cc|uipmcnt down (he road for miles and miles to got it 
out of that area. IVoplc were using Inilldo/crs and 
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building mudbuxes (fig. 13). trying to protect their 
houses. Lundsat imagery of the flooded area was 
delivered to the civil defense agency and to the National 
Guard, which had primary responsibility for damage 
assessment, within 30 hours after the satellite pas.s. 
Don’t ex|>ect this kind of everyday service out of NASA. 
It was an emergency situatioii and they ically did 
everything they ctmld to gel us that Information mi fast. 
Tlic Corps of Ehigincers provided additional data 10 Jays 
later. Tlic point is that we did have a clear day. wc got a 
good satellite pass, wc got the data in the hands of the 
people lliat needed tl. We are mil yet (juiic sure of how 
many other ways tliis sort of data ctuild l>e used in a 
similar disaster situation. 


FUTURE APPLICATIONS 

Now , here is what weexiKut to get out of the system 
under Llcvelopmcnt, l igurc 14 is a eompuior-ilerivcfl 


l iguie 10. I (wm used hy fktd workers to cfilicci grouml 
tnilh ati^iut forests atui brusli-covcfcil laiut. 


land use classitlcathm of Landsat data acqtihcd in l‘)72 
tif the coastal /one. The imagery produced from the 
Landsal-acquired data is diown in figure 15. Of course, a 
grouiul-tmiii oiKuution is necessary to input to the 
computer. We were able to capiiali/e on some 
groiiiul-tmth operations being coiulucfcd at that lime in 
the Pascagoula River area and therefore were aide to pul 
logethcr some infomiatiim very 4 |uickly. 

llie iifjlily o| these data does mil have to wail unlit 
you get consistent. Duiing this immediate past session of 
mir legislature, wc li.id a imiiihei o| hectic situations. 
The inicmaHoiia] ecouomiL situation is uncertain. We 
have a conservative fiscal governing group. The last year 
of any adminisiratioii is always diHiciill. The legislators 
are retiuiied hy the constitution to stay within the 
money that they ieceive. So iheii estimates of income 
Lire very ini|>oMaiil as I hey hegin file .ippiopiiations 
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I'igtirc 12. I idds uiidci water ilufinK 1973 Mi«Aitsi|>^M ftood. 
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(Elsewhere in interpreting wliat tlic data tncaiU. You can 
do this sort of us.se$sment at any time, once you get your 
data bases established. 

DISCUSSION 

SPEAKER: Wliat type of organi/ation works with the 
state agencies, and what type of training programs do 
you see in the future? 
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I iKiifi* 1 1. Miirkiiip the At»ri1 I97S I1 «hhI vrest In Mississippi. 

pr<K:ess. Normally, the budget acciuiniing coimiiission 
makes recoiiimcndations that go to both Inuiscs and it is 
very difficnlt fot a person to gel any more money tluiii is 
reeoinmemled. We were able to use these remotely 
sensed data and pul together :i set ol lads in ahoiil 3 
weeks for a particular stale agency. That tepnrl eiiahled 
the agency to persuade the legislaiure to aulhori/e the 
issuance of SI 5 tuillloii of general obligation hoiuls for 
the pnu'liase of approximately 40 tKM) acres of land to 
be used as natural wilderness, tisbing. and tmiiiilig areas. 
It was a preltv go«Kl teal in lire face ot fbe sMnation 
existing in the legislatme and it was only possible 
h.v tu>c d ata abvadv e\is!c»l aud ir» caiKe we were able 
tt* call on llie cxpeiis av.ntable tlnon^di I Kl and 
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I ij!un? 14. ( iMMpyltfrHlcrivcU laiul uw dawWcatKw «»f l.aiulnal digital data (act|uiii;d Aug. 7, 1972). 


BANKSTON: I. personally, have a very small 
i>rg;mi/utuni. about six people. VVe work with a 
designated key liidividual within the appropriate stale 
agency, particularly the I'xtension Service aiul their 
regional and county agents; it depends upmi the 
application. Training is avail uhle both I’roni NASA and 
l>y wmkiiig with them. VVe have a iinupie situation 
hccanse ot whore the l:RL is located. Ilie l arth 
Resources Observation .Systems (l-ROS) Data t enter will 
assist the training tiio. in. say. plnUoinlerpielathm. I he 
system being developed is essentially experimental, so 
we kiiiiw yet what it ^y^l! he. In iieUI triiihine.wc 
send the pcrsuii out to a lest site; we have a test silo in 


each of the H2 contitics tor each item we arc interested 
in. And the slate agencies have been very taithliil and 
diligent in galhcrtng the intormation necessary. 

SPbAKER: You mentioned you have a 

emnpotcr-based inventory system, or did you siiy you 
V'-^re gr'ing to develop a coiupiiler*hascd inventory 
system tising satellite, aircralt. and erther sources? 

BANKSTON: The rarlh Resources Lahoiat*»ry is 
developing the basic ec.nipiHer sotiwaic f or pal tern 
rectignilion. We are translatuii* that si»Hware package 
Irom I KI 's computer system to the state computer 
system. 
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I'igurc 1 5. L.iml iwc dassiliciilion llirougti intcipcciuliou imagery Itoin taiuKiU 


SPEAKER: Is \\ fuiicti^mal right miw %n have ytn» 
iscd It? 

BANKSTON: It Is functional in S4>nic areas. 

SPEAKER: Wlial dassillcation level arc you using? I 
realize that for your l:M 000 you used a level III. Are 
yon using a level I m a ttUKlined level M? 

BANKSTON: We use Uvel I for sonic lliiugs. 
inodltlcd Level II for oilier uses. Because of this existing 
data base, we do not need the level ot diltercntiiitUni on 
the satellite data that we w<mld in the absence of this 
data base. 

SPEAKER: Would yon conniKiit on the inissible 
advantages of contraL direct recc|nion at Jackson. 
Mississi|>^n? And have ytni given any thought to arebiv il 
rct|nircincnlN. to luiw long you wtnild like in archive 
your data and have access? 

BANKSTON: Stmic «if this wc have not l omplclely 
llunight tlirough. (erlain kinds o\ data l.aa* Iwen 
archived lor a miinher ol years. Hood data, Un example. 
One of onr jniramctcrs is to keep ti'c cost low. Ihe Ik‘si 
figure 1 have heard lor a dirccl*rcccplioiHy|>e systcni. 


aiUcnna« black boxes, and coinpulcr. is at leas I S500 000 
and moves on up toward SI million wiih display 
imagery. It is awfully difficult to sell that sort ot tiling 
ti) the slate legislature unless you have a ho^:l of users. 
Wc Hunk wc can accomplish the same thing this way. 
through the normal sei|uencc of the (iodihird Space 
riiglil (Viiter, I:K0S. or whatever, to us. 

SPEAKER: Did you say you had saiclllle inionnation 
at Level 111 ala scale ofl .24 (KK)? 

BANKSTON: N«il satellite infornialiini. SVe have 
iiigh«aHiliidc color infrared aiicrall plmltigraphy on a 
scale of 1:120 (KH) and yon can easily enlarge it live 
times. 

SPEAKER: Wliai is yonr rcliahility factm in terms of 
percentage correct i hissiricatioiis? 

BANKSTON: Tliis Is lot Bi»h Daley, wlut is diioclor 
of that division in charge of this whole statowule land 
use mapping etloit. 

DALEY: It is for ! evcl I.M7 percetit:ftir Level III. S7 
pcrcviit. iTom the Ingh-idtitiule imagery. 
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S-3. Information Flow of Land- and Water- 
Related Data in the State of Wisconsin 

AIM H. Milk/* 


Planning in Wisconsin is decentrali 2 cd with physical 
planning activities taking place in a number of state 
agencies, in multicounty regional planning commissions, 
in county planning and zoning committees, and, of 
course, at the community level* in addition to the 
practitioners, there are the research community (the 
University of Wisconsin, the University of Wisconsin 
Extension Service, and other colleges and universities in 
the state) and the state regulatory functions (particularly 
within the Department of Natural Resources). "‘We” in 
the context I am using it is not the State Planning Office 
wliere I am employed, but it is all those people within 
the state who arc concerned with the management of 
land and water resources. As I itemize some specific 
activities that wc arc involved with, I will try to point 
out the coordination involved in those activities. Flow of 
land- and water-related data requires this kind of 
interaction if our objective is to apply remote sensing to 
better decisionmaking. Remote sensing has advanced 
significantly in the years that I have observed It, about 5 
years now. But on the day-to-day activities, the guy on 
the ground - the county board member or the county 
zoning administrator is still faced with the problem of 
having adequate base maps or current usable 
photography. As an example of some of our activities, I 
will follow a How of data from cidlcction to storage to 
some examples of its application. 

On the collection front, during the past years, wc 
have tried to resolve so!tte of the problems of language. 
Some 60 professionals from various organi/.ations have 
worked together on a luimbcr of occasions to develop a 
statewide land use classification sy.stcm, Tiwy represent 
the local and regional phiniiers, state agencies, and 
universities. Wc have gone through at least lllterathms 
over a 1 2-numtli pciiod to refine a classification system 
that is acceptable to most users. The acceptance of the 
system is, I think, primarily because of the investment of 
tiic people; they have a part of it; they have done it 
thcmse1ve:». llic syidun that wc have evolved closely 


resembles the USGS national land use classification 
system. However, it has some significant differences. 
One, we are talking about land use, not land cover. Wc 
have separated use from cover, from ownership, from 
zoning, or whatever. Had we utilized the USGS standard 
classification system, the great State of Wisconsin would 
have no recreational land use activities. Recreation is 
probably our second or third major industry. Wc would 
have no identifiable forestry land uses. We would have a 
lot of forests. We would also not identify forested 
wetlands witliin the state, and the state is approximately 
25 percent covered with wetlands, many of those being 
forested. Tiic attempt of the land use classification 
system was to identify “use” not predicated on remote 
sensing as a sole source, but as one of many sources. 

Within the context of collection of information, wc 
arc trying to achieve some systematic, uniform aerial 
photography, general-purpose photography. Our fvicusis 
the USGS cooperative program, tirthophotos at a scale 
of 1:24 000. Wc have done a survey of all coiinty-lcvcl 
planners and managers, as well us regional planning 
commissions and state agencies, to ascertain how many 
dollars they have s|)ciit on aerial photograpliy and 
whether or not orthophotos meet their needs. Wc have 
found that approximately 85 percent of their needs arc 
met at tlic scale of 1 :24 000. We have u problem in the 
state which 1 think most states do. When wc consider 
everyone wlm is collecting aerial photography, wc 
wonder why the planes aren't bumping into each other. 
Wc have communities, counties, regional planning 
comintssions. state agencies, and Federal agencies all 
flying around trying to get their own thing. Most of their 
needs are relatively parallel. Wc found, through a rough 
estimate of how much they spend, that the cost to cover 
the entire state on a uniform basis, about every 5 years, 
is approximately equal to wliut the local units of 
government arc individually spending on their own 
imagery. Wc have conmuiniealcd with the Soil 
Conservation Service (S(’S) trying to achieve some 
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uniformity with its imugcry. Wc will be flying some 19 
counties as a puit of the coastal /.one munugcinent 
program with the same specifications as USGS 
orthophotos. At the same time, the SCS program will be 
Hying 13 counties at a scale of 1:20 000. There is an 
obvious advantage to come to some compatible 
agreement on scales, in whicii case wc would have almost 
half of the state done in 1 year with imagery usable to a 
number of people. We have heard a lot from Federal 
agencies on new scales of imagery and new scales of 
maps, particularly 1 :50 000 and 1 : 100 000. 1 don’t want 
to evaluate their need foi that particular scale ; however, 

I think the Federal agencies should not presume that 
states or substatc regions need that type of imagery. This 
effort diverts resources from one program into another 
without really satisfying the needs of the state. 

Going from collection to tlie storage and availability 
of data, there are some ongoing efforts at the “inventory 
of inventories,'* trying to find oat what information is 
available on an ongoing basis for local decisionmakers. 
We arc looking at all data again, not just remotc-sensing 
data. Within the University of Wisconsin is the 
Environmental Monitoring and Data Acquisition Group 
(EMDAG), which runs a re mol e-sensing data center. It 
provides information on what is uvuiiablc within the 
state, and also assists the user in acquiring any imagery 
needed. Wisconsin took a big step forward last fail, when 
it established the position of state cartographer. 1 think 
we were the first state to do so, Tlic state cartographer is 
primarily responsible for coordinating map data within 
the state. He is beginning to provide one source of 
information on map data. And finally, we arc working 
on a statewide information system. Wc have been 
working with the DcpaTtincni of the Interior using the 
natural resources information system, whicli is husicaliy 
a polygtm overlay system. We have achieved an 
understanding of the system and a conversion of some of 
the languages to make the programs work on our 
university compiiteis. This is an effort, involving the 
university (actually two elements within the university), 
the Di'partineni of Natural Resources, and <Hir own 
office, to establish a hybrid statewide infomiation 
system to begin the storage of remole’sensing data as 
well as other types of Inventories. 

More specific applications id rcinole-senHing data 
include a statewide land cover map produced by the 
university's EMDAG. This land Ciwer map delineates 
four categories: urban, agriculture, forest, and water. 

In addiiioii tii land cover, the investigatiir identified 
wet-soil patterns ami overlaid the twt> of them. The 
objective in using Landsat was to priwide an inexpensive 


method to identify land cover that could he repeated on 
a 2- or 3-ycur cycle. We used the International Imaging 
System (l^S) in an interactive/interpretive capability to 
derive tlic land cover map. It is probable that wc could 
repeat this within 3 percent accuracy. It is less probable, 

1 think, to repeat the wet-soil analysis, because tlie 
individual doing the interpretation was a soil scientist. 
The net value of the whole effort provides some context 
of cover, but, as a vehicle by itself, it has limited utility. 
Wticn you start combining the cover with other factors, 
such as public land ownership, you begin to see the 
relationship between use and cover. 

Tile Department of Natural Resources, together with 
the University of Wisconsin, has been doing an inventory 
of lakes. We have some 10000 laker in the state. (In 
deference to Minnesota, we probably have just a bit 
fewer.) There is the problem of monitoring the trophic 
state of those lakes. Utilizing the digital data in ttie 
infrared band from Landsat imagery, scientists have been 
able to classify four levels of eutrophication. About 
4000 lakes, 20 acres or larger, have been studied. It look 
3 montlts to complete the whole inventory, it was 
relatively inexpensive and, by comparing it to some 
ground samples, tiic scientists have a pretty good feel for 
what is happening. (Sec E‘12 in technical sesitiim 
presentations, vol. 1-A.) Research involving the 
Department of Natural Resources, the university, and 
some utility companies has been made on the effect of 
thermal discharges from power stations. Approximately 
100 flights have been made from the Milwaukee area up 
to the Door Peninsula over the past year. The point of 
this wliotc effort is the relationship between tliosc 
people involved. The utility companies provide the gas 
for the plane and the dollars to pr<Kcss the data. The 
Department of Natural Resources provides llte DC -3 
witli the scanner nunmied in the plane and provides the 
pilots. Tlie university provides the research personnel, as 
well as the harriwarc to conduct the research. (See W-l I 
in technical session presentations, vol. I-D.) 

Wisconsin also has a great miinhcr of wetlands. A 
consultant is doing an ongoing study of the whole 
continuum of remote sensing, trying to find some 
cost -ct feet ive inelluH) to identify and muuitoi wetlands. 
The regulators, |Kople wlu> have to motiitor the 
program, would like imagery at a scale of ! : 1 200 so tliey 
can draw a nice precise line tm the gromul. Oxer the 
entire state, it would cost SIO millioii or more to aetp, re 
that type imagery on a one-li:iic basis. And while we 
still have 12 years to go In ♦'inish 7..^* quad sheets, we 
have 20 years before we tiiiish some basic modem soil 
surveys. Our geologic base information is projecteil to he 
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done in something like 3050 at our present rate. So you 
can sec that $10 million to acquire one single bit of 
information on wetlands is an obvious constraint. 

We have had a few more applications of Landsat 
information. It has been an excellent communication 
vehicle. One of the regional planning commissions used a 
Landsat image of Lake Superior to show the 
sediiuentation caused by the red clay soils. The result 
was a S3.7-million grant to study the problem from the 
Environmental Protection Agency. We arc utilizing 
historical aerial photography to measure shore erosion 
rates as part of the coastal zone management program. 

There arc some potential applicaturns of Landsat 
infonnation that we arc not using. For example, we have 
had a program for 2 years to identify critical resources 
within the state. The initial context was that you could 
take some remote-sensing information and other data 
(scientific in nature) and identify areas that were critical 
on a statewide basis. Two problems evolved. many 
of the scientists, particularly vegetation experts, were 
not comfortable using aerial photography. They hud to 
get on the ground and take their samples as they have 
done in the past. Secondly, the information was not 
available stute.vidc. As a result, we have gone to 
county-level workshops where citizens identify those 
local areas they deem to be critical. Those people arc a 
valuable stiurcc of information. We had a county board 
member, for example, wlm has been hunting in this 
particular county for 50 years. Every time he went out, 
he took a little log and wrote down climatic conditions, 
where he went, and what he either caught o, shot. 

In summary, I want to make five major points. One, 
tlw objective of data collection or processing is to make 
better decisions. I think we need to keep that constantly 
in the forefront. Wc want to make decisions, not just 
collect and process data. Two, remote sensing is just one 
of many methods of collecting data. It needs to be used 
in conjniiciion with <itlicrs, but it is not a sole source. 
Three, if ytm are gtiiug to effectively use remote sensing, 
ytni iniisi liave coo|Krativc efforts between the stale 
agencies and the private coinnumity, all the way from 
the legislature d*>wn to zoning administrators. Four, you 
need some level of halaiwe within the whole system of 
data How. from the collection, to the processing, to the 
utili/.atUm of it. And live, apparently most of the 
members of this audience arc stale or local in 
oiicnlalion; if that is true I think we are probably 
talking ti> the wrong audience. Wc should prohahly he 
talking to the scientists railier than contimially lalkmg 
to ourselves. 


SPEAKER: Wc need to understand the political 
process better to plug in decisionmaking, and we have to 
develop the applications and the methodologies for using 
the data. The scientists and technologists have given us a 
powerful tool and I think wc ouglit to use it. The 
capability is there; it does not need furtliCr developing to 
be useful. Further development would certainly make it 
more useful. But we ’'we to interact on tlic level of 
policy fonnulation and 'sion. In South Dakota, we 
are trying to do a lot of similar things. We arc developing 
a natural resource information system to hold what we 
consider the policy-relative portions of our data. But one 
major difference is that wc arc doing statewide digital 
analysis; about 10 percent of the state is done now and 1 
have found it to be fairly useful, but again the problem 
is'gctting people to use the data. You can make a really 
nice pretty colored land use map and it can be accurate 
and you can give it to the district planner and he says, 
"Gosh, that's real nice. Tm going to put that right in the 
comprehensive plan on page I for land use." But that is 
about as far as it gets. And it becomes a pretty picture 
filed on a shelf srunewlicrc. So I think wc have to 
develop methodologies for applying these data and 
perhaps this is something done more appiopriatcly on a 
tiulional scale than a slate scale. But a lot of the 
dccisummakcrs don't know what questions to ask and 
would rather continue making decisions in a political 
vein without really U>oking at the quantitative 
information. Wc need education for these |K(iple and we 
need simple application tcchnujiies. 

MILLER: The training or education asiKct is very 
important. This particular regional planning commission 
picked up a Laiids:it image and used it as pari of a 
proposal to EPA because of an information session done 
hy the University of Wisconsin. The awareness of what is 
available at a local planning level is really low, 

SPEAKER: Another problem involves the question of 
small-scale data collection being developed at the 
Federal level in a luitnher of programs, all of wliich, l\l 
say, arc in borderline cimipctithm with each other. 
Stales fccogiii/c that the data arc not usable in the 
siiecific programs that we deal with daily - 

MILLER: (*t»llection or mapping of information a! a 
scale of |:50(XK1 m l:l(K)(MJ0 may he useful to a 
particular Fedetal program. It tills a gap that might exist 
ill ifie slate; but our presumption is that that gup does 
uoi need to be tilled. A problem is that once Viiu receive 
laud use data generated from any of the lederal 
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programs and you tell your state legislator, *'Wc*vc got 
to have some money to acquire land use information on 
a statewide basis/* his response will be, *it*s already 
there/* So you arc basically stuck with a relatively 
general classification without the means to go to 
son^ething more specific if it is needed for particular 
state- or county-level programs. 

JOYCE: I am from the NASA Earth Resources 
Laboratory. The statistic relative to the survey that was 
made, I believe, was that 85 percent expressed a 
preference for a 1:24 000 map. It is not so important 
what we can do, or what wc want, but rather what we 
can do with the money we have. Did the people in the 
survey make that choice in view of what it was going to 
cost them? Did they have cost alternatives at some other 
scale? And were you talking about the final map base 
scale, as opposed to the scale of the original imagery or 
photography? 

MILLER: I was talking about the final map scale. 
Some did respond with some context of cost of other 
scales; the majority did not, however. They say they arc 
collecting tinagery at approximately that scale for their 
own use. If you went to a statewide systematic program, 
you could be utilizing state-level dollars to acquire that 
kind of information. Local communities could then 
focus on something finer; a scale of 1 16000 or 1 :4800. 
which most of them say they would like to have. 

JOYCE: 1 was involved in a similar study about 8 or 9 
years ago in a foreign country, but I think the lesson was 
the same. On the first go-round, everyone was asked 
what he preferred in products, in scale, in what he 
wanted to do with that information. They all wanted 
everything in as large a scale as they could get it, the 
most expensive coverage, and wanted to do everything 
witli it. Then wc gave them some basic Information on 
relative costs of procuring the different scales, of 
different types of imagery, of computer time, t>f 
digitizing data. Wc said, ‘if you were faced with a 
situation in which you had X dollars, wlial would y«ni 
prefer the net result to be?** They all hacked off in terms 
of the scale of the imagery. At that time. o\ course, 
spacecraft were not uvailuhle. hut these people wanted 
the plane to fly as higli as possible. They wanted to pul 
the least imniey into acquisition of the original imagery 
and to pul more money intt^ the w<irking of that data, 
extracting intonnation. digitizing other data, and 
comparing them. 

MILLER: Wc asked them only about 1:24 (KKl. 7.5' 
quad and 4)rthopliotns. We really did mit give them a 
chance to discuss alternatives. The prt»hleni is. a lot of 
people do not know wliul they ^eall* need, what scales 


they would like to have. They need more explicit 
information to make decisions. I agree that whcf' it 
comes down to trading off some dollars to acquire itie 
information they will make the trade. 

SPEAKER: You said that you encountered some 
resistance from some of the scientists, especially those 
working with vegetation data, to changing from the 
established ground techniques. In other words, they 
were not rejecting remotely sensed data per se, but they 
were simply rejecting using new methods? is education 
all that is needed? 

MILLER: 1 think education is the biggest element. A 
number of people were doing vcgetational analyses. 
Some of the students, research associates, who were 
working with the program were much more adaptable to 
the use of aerial photography as a basis for information. 

SPEAKER: Does Wisconsin have what could be called 
a single state remote-sensing technical center that 
manages, for example, a film library or a film 
organization that provides photogrammethc services and 
special training? Would you advise in the state 
government that such a center would be organized? 

MILLER: The closest thing wc have now is the 
EM DAG within the University of Wisconsin at Madison. 

1 think the woiking relationships between the university 
and state agencies arc quite good; it seems to me an 
appropriate place. 

SPEAKER: Di> you think the experimental nature of 
the work that probably will be done for quite a few 
years yet would make the university the most logical 
location? 

MILLER: Yes. 

SPEAKER: Then, actual day-to-day activities that 
develop from the research of the university might be 
dispersed, eventually, in the various departments so the 
Highway Department is doing preliminary corridor 
studies or the Department of Natural Resources is being 
shown how to use Lamlsat infrared imagery? 

MILLER: This is aircaily happening. Tor example, 
the lake inventory was a probe out to the Department of 
Natural Resources to demonstrate some of the utility. 
The staff members there arc ntiw applying Landsat 
information to their inventories and they arc hmkiiig at 
some other applications. It is an educational prtKCss. 
They have Income more familiar with the imagery ami 
remote-sensing tecliiiUpies and now have a good enough 
feel for It ihemselveN tliat they can begin lottkiiig at their 
aclivitius and bow they can apply it. 

SPEAKER: You mentimted that a lot of people are 
just about crushing their planes \nio each other Hying 
the same area. Do you have now. or do you have plans 
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for. soinc kind of coordinated system to record all the 
types of imagery available as well as plan ahead and 
assign priorities to what will be flown? 

MILLER: We do not now have any type of system 
that would coordinate these activities. The attempt of 
the survey was to find out who was doing what. The 
state cartographer will maintain some kind of 
monitoring on aerial photographic activities. 

SPEAKER: It seems that in your part of the country 
as opposed to the Southeast, there is a much closer 
working rclationslup in terms of ongoing responsibility 
between the university in general and the state agencies. 
Our university people tend to stay in system 
development research and as soon as a program gets to 
be an ongoing month>after-month sort of thing., it very 
quickly seems appropriate to move it to our state 
agency. Organi/atiuns develop differently in different 
areas of tire country. 

MILLER: Thai is true. The state cartographer, the 
state geologist, and a state climatologist arc all housed 
within the university. 

CASE: My name is Rob Case, director of state 
planning for the State t)f Iowa. Docs Wisconsin have any 
general data collection policy that has been endorsed by 
the governor or any other general agency po'.icics 
directing the collection and use of data? I think ih.at the 
thrust of this conference may be a little too narrow. A 
lot of the technical questions arc tu)t broad enough, are 
not including data collection for human resource needs. 
Without a compatible iiunian rcsimrcc information 
system plugged into the same gcocodlng proces.% as our 
natural resources, we really di> not have a system. If we 
gel too far along in making these critical and extremely 
C4)stly decisions ahitut all tlie mapping and the data 
collection and technology without taking into 
considcruthm the broader issues, we are wasting a lot of 
money. We will have to back up and do the work all t»vcr 
again. In Iowa, we are trying without much success to 
gel a single agency ot a group of agencies logo liter to he 
responsible tor gtiidittg the decisions or at least for 
making sure that there is a .strong political interface in 
the decision process on data collection and its use. Since 
Wisconsin is well along In a lot of these decishms. what is 
your position on that? And what is the pctsitioii «»t ytuir 
govermtr about future use? 

MILLER: There is ) central clearinghouse for data 
ctdicction. What exists arrcntly is a hoard of |KM>ple 
who decide only topographic in format ion and 
geologic information. One of the prttblems has nothing 
to do with technology: it is a thing called territoriality, 
where cvcrybi>dy wants Ut do Ins («wii tiiirig. and It is 


competitive. There is no central policy. The state 
planning office, where 1 work, has just been charged by 
the governor to coordinate tire devciopment of the 
statewide information system which may provide some 
of tlrat coordination. 

TREXLER: 1 am Trcxlcr from the Virginia State 
Water Control Board. You iiKiitioncd your lake 
monitoring program. After you collect your data and 
classify your lakes, what are you going to do then with 
the information? 

MILLER: The Department of Natural Resources is 
using that, to tny knowledge, as a monitoring system, 
not a regulatory program. 

SPEAKER: Aie you in the same position on the 
thermal sensors? 

MILLER: Correct. Jim. can you comment on either 
of those? 

CLAPP: My name is Jim Clapp from the University «>f 
Wisconsin. TIk fruuK of reference in that study was tii 
come up with a clearly delineated critical resource in a 
very short period of time. The decision was that they 
had to use the iried'and-true melluKi because they were 
going to try to document these things on the ground as a 
busts for some type ot‘ legislative action. They were not 
prepared to go to the rcmotc>scnsing base, with it being 
uncertain. Folhtwing that, they proptiscd to NASA fm 
further research into this area under the Limisat<2 
program. The take tnonitoring program, using Landsat as 
a da*a base for the trophic classification of the lakes in 
Wisetmsin. is considered a first >cui asscssnienl louacmpl 
to refine tiutse areas where more detail is needed, either 
from a htwer altitude vehicle iir on the ground. Tlris 
pritgram is against the hackgiouml 4>f the l edcral 
legislation on lake renewal programs. The program on 
thermal scanning of powerplanl effluents into (lie (heat 
Lakes is ciiiiductcd In cooperation wtili the Ikrpariineni 
of Natural Resources at the university and the pc»wer 
utilities and with some NASA money. That information 
is being used to attempt to coii.strucl what wc call a 
climatological inventory of those plumes under a series 
of different weather and wind conditions. This inventory 
will Ik an input to the hearings on the plume legislation 
or potential legislation as to whether or not thi^sc plants 
will have to put in cinding towers or can continue to 
discharge initr the lake. It is not the only source of 
information going into tlmsc healings, hut ii is a majoi 
one. 

SPEAKER: lias this been in conitinciion with the 
stale permit pnigr ims? 

CLAPP: In Wisconsin, the certiticalUm procc.A goes 
ihiiMigi'i a SCiics of pui'MiC iiC.iiiiigs. The I'tisi iniiiiii. 



hearings were held early this spring. And our 
aiUicipathm is tliat those hearings will go on Tor a 
number i>f years. The data have been introduced in the 
hearings as a source of informatiim. In that sense, the 
thermal data contribute to the certification process. 

RADO: Bruce Rudo with the Georgia Department of 
Natural Resources. Dihjs your information system relate 
at all to some of the earlier 1-57 type work? 

MILLER; The technii|uc that we used on the 1-57 
study some years ago hud the grid cell as a base storage 
unit. We arc now using a digili/ed pattern storage. It is 
much more sophisticated, and mucli more llcxiblc. The 
coordination of the wlu>lc effort still involves most of 
the sanw people who have been working for as long as 5 
years, some within the University Department of 
Landscape Architecture, some within the Cartographic 
Labi)ratory. sonw from our office, and some from the 
Department of Natural Resources and the Department 
of Transportation. 

BREY: fm Art Brey with the Office of Planning and 
Budget of (icorgia. Ilease explain a little further the 
ditlereiwes hetween the land use categories that you 
have arrived at after yinir 12 iteratitms and what 
tcchiiii|iie you use in making these evaluations and 
dotcmiinatiiHis. 

MILLER: The land use information system follows 
the Bureau of Public Roads classification and tlie 
Standard industrial C'ode. The whole process of evolving 




this system started witli what we call the socUdogtcal 
experiment. About 60 people were interested in helping, 
some professionally, some politically, l)ccause they 
didn't want the state doing it alone. And through 
reiteration of the system, at least 10 times, we refined 
the categories to meet the needs of county-level planners 
as well as state-level functional agencies, such us the 
Department of Transportation. Everybody was willing to 
make trade-offs in order to get a system that everybody 
could work with. The obvious advantage of that kind of 
a system is that, for example, if county A collects land 
use information on the same basis as its neighboring 
counties B, C, and D, officials can look across the 
county lines and both talk about agricullurc. The only 
classification that we added we call natural areas, where 
you cannot classify the use of some area: it is in a 
natural stale. 

SPEAKER: 1 wanted to ask a queslioii relative to 
scale and clussificatioii detail. And my ex|>crience has 
been that when you see the 1 :24 000- m 1 :o2 500-scale 
mapping of the people who want large-scale data, the 
level of detail is less than that of the second level of the 
revised Anderson cliissifieation system. Do you share this 
view? 

MILLER: I would agree. I do not think you have any 
more precise elassi ileal ion al a scale of 1:24 000. 
however, regional planning commissions often want to 
more precisely locale infoiinathm. 
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S-4. Remote-Sensing Applications for Texas 

Jatui WeUs^ 


It you arc work in a state, you must 

understand t!ic political processes; a technologist who 
docs not will tail to get very far. Wlicn it conics to a 
choice between a technological decision and a political 
decision, you can guess which one is going to dominate. 
Texas is under an extremely conscrv;.nvc constitution 
that was developed in the mul-l870’s. We have a 
relatively weak governor’s office. Our gtwernor can do 
three things: (U He can veto legislation; on the budget, 
he can veto the entire budget or line items within tlie 
budget, so he has a little power there. (2) He can appoint 
members to boards and ctnnmissions with the approval 
of the State Senate. (3) Me can call a special session of 
the legislature and specify the agenda of tliat session. 
Thai is about the extent of his |»owcr. He is ulsti the 
chief planning ofllcer of the slate and he can exercise 
this p 4 >wcr in his wtnk with his executive agencies. We 
have about 230 active agencies, most of which arc 
single •pnri'Hise agencies chartered and luiided by Iht 
state legislature. 

I am sure all of you have already heard how big Texas 
is. but 1 want you lo umlersland that we have a veiy 
lough lime with the sheer si/c o1 Ihe slate in all our 
work. We have 254 counties. Now. jiisl getting together 
254 cMUinly inai>s at any scale is a chore. Out 
to|>ogTaphic mapping is in pretty gotnl sha|)0. The slate 
works with the USCJS in a ct>o|K*ialive pn>grani lo map 
our slate, and this program is going aboiii as Iasi as it 
will ahsori> money. We have 24 councils ol govcnimcnl. 
which arc organi/atioiis that may iiuhide several 
ouinlies. I rom time to lime these organi/al ions change 
as cminties switch from *me council *il government lo 
another. Our population is alnmt !l million and our 
annual state huduel is around SI 2 billion. Htovcver. 70 
to SO iKMcent of this goes to people protects. Our hugest 
single slate agency is the Texas Highway Deparlineiil. 
winch has budget ol about SI billion. It y«>u round oil 
these tlgures .uu? >a> we have a SIO billion budget. MO 
percent goes to health and hunian resource proieds. 
leaving S2 billitui. Of that, SI billion goes lor highways, 
ihen we have St billion let! for all id the olhci activities 
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of the state. Also, we arc pay-as-you-go like Missis.sippi. 

So, tliough Texas is a large state, we have budget 
problems just like everybody else. 

We have 17 agencies In the natural resources area, 
ranging from universities to the governor’s onicc. We 
have three water agencies: a water development or 
planning agency, a water rights agency, and a water 
v|uality agency. 

The tarth rcsinirccs/rcmote-sensing activity rd Texas 
dates to June irf 1972. At that time, the managemeni of 
the liarlh Observation Division of the NASA Lyndon B. 
iotinson Sixicc Center (JS( ) told the Governor of Texas 
that various levels of government in Texas were seeking 
assistance from JSC for rcmolc-.scnsiiig products, 
cartographic products. Because JSC is convenient, it was 
easy for the government agencies to request as-sistaiice 
The NASA did not know how to respond to these 
requests what primlty to give them. We had a very 
productive meeting in Austin ami our Governor's 
Division «d Planning CiMudiiialion was desirnalcil as a 
single-|>oinl txdicy group for cawirdinatiou o\ Larih 
icsourccs activities in the state; this is the fuiictitMt that 
Ji»e Harris perhmns. Tlic OH ice of Information Services, 
which I work for, was designated as llie technical arm m 
technical liaison for NASA and the IX'parimcm «d the 
interior. Also. NASA ap|>oinietl Leo Childs .is the liaison 
^Krson to work between NASA and the Stale ol lexas. 

One <d iuir tlrsl activities w.is lo seek 'UH the 
decisioninakeis in our state ageiick and tell them about 
Ihe capabilities id remote sensing. We sjKiil several 
months, talked to around UK) individuals in 2t) to 25 
agencies, to inform them about the lemole-seiisiiig 
priulucts dial were a*'ailable. We did md teally 
emphasi/e anylbing that wa* not in production: we 
stayed awas Iroin some of the more exotic lesearch 
aieas. Ihe onentation sessions were very Miccesslul. it 
only for one thing, which 1 lalci h.nm! is impoilaiil 
they helped people in agencies build np a votabniaix so 
that we can talk with llmw we seek to help. Il we 
cannot communicate with llieni. il s all ovci. Altei the 
people weie belter able lo conveise about leiiioie 




sensing, we conducted u data^nccds survey. A product of 
this survey was the idcntificatian of tlic things that we 
feel arc Texas priorities in natural resources. Tlie 
datu-nccds survey was updated and is fairiy current now. 

About that time. 1 think it was in early 1973, the 
Congress passed the national Dam Safety Ad. under 
whicli the VS. Corps of Engineers had to survey all of 
the water impoundments in the country of 10 acres or 
larger and determine whether or not the dam structures 
were safe. The Corps approached our Water Riglits 
Commission to conduct this survey for them. Texas has 
a dam licensing activity for water impoundments of a 
certain size, so structures have to be licensed, and the 
commission was in the process of seeking out tliesc 
water impoundments. A combination of digital, 
phonographic, and traditional methods was used to 
accomplish this inventory. One of the benefits of this 
project was to locate water impoundments in the state 
and determine the magnitude of the licensing job to 
enable the Water Rights Commission lo cstubiish a plan 
to get the job done and to ask the legislature for the 
necessary money. I think they determined tliat at the 
rate that they were working, using traditional methods, 
tlicy never would liavc gotten the jt>b done. There were 
more impoundments being built than they had the 
capacity to license at that time. 

Ill March of 197.s the Remote Sensing Task Force 
was established under our Interagency Council of 
Natural Resources aiui the Environment. In about 9 
montlis. the Remote Sensing Task Force produced a 
reimitc-scnsing plan lo wliicli all state agencies 
conirihiitcd. A little more than a year ago. we also 
started a rcinotc-scnsing training program in cooperation 
witli Purdue University. Also, we determined tliat Texas 
was eligible for a Landsat follow-oti proposal. The 
people on the Remote .Sensing Task Force ponluccd a 
prt>|H)Hal that was accepted and funded l>y NASA. It is 
beginning ihiw. 

Uses we liavc found for remotely sensed data 
include most important land use. nwaning a survey 
of wliai is located on the grmiiid now. not what its 
potential is. We liad flic water im|><mndirents survey. 
And recently we conductcil a wildlife habitat survey. 
The data can help in coastal /.one nianagomcnt. Our 
tongderin uses remain to he seen. Tliey will prt>hahly he 
in tlie coastal /one or in the entire state. We determined 
the lop state priority was water. We are very concerned 
about water, probably because our next most hnporlarl 
state priority is agriculture. Without water, you don't 
grow any agriciiltiirat products. Then third is energy. 


DISCUSSION 

WINIKKA; Have you had any programs in tlie early 
stages now working with the universities in Texas? 

WELLS: Most definitely. We work with the 
University of Texas, and with Texas A. &M. Our 
remote-sensing training program would nut have been 
successful liad it not been for the people from tiic 
University of Texas. And. we hope to liavc LARSYS 
from Purdue installed on the computer at Texas A. & M. 

KYAN: I am Pat Ryan, director of State Planning in 
Louisiana. Do you have any programs to relate other 
types of data to your remote-sensing information, such 
us educational data, revenue data, transportation data, 
and soft sciences? 

WELLS: Tlie bridge between these othci data sources 
has not been built. In the natural rcstiurccs area, we have 
identified that which we call sociixsconoinic to cover all 
of the data sources. 

RYAN: Wliat tync of appreciation liavc you 
developed on tlie part ut elected ofRcials for this type of 
service? 

WELLS: Some elected officials within the state arc 
very keenly aware of natural resources problems and 
have come to us. Elected officials from the inctriipolitan 
areas of Harris Ciuinty on the Gulf Coast and from El 
Paso have sought us out for advice and itiforination. We 
have not liad a great deal of contact witli people from 
Ollier areas of tlie state. 

SPEAKER: You don't call your land use infomiatioii 
program “land use." do you? 

SPEAKER: Absolutely not. 

GOESLING: t am Paul Goesling. elite I' of 
Development Planning for the Slate of Ohio. Do yiiti sec 
any bciiellls in having your reniote-seiistiig program in 
the hands of |)oliticat-lype people, in the tHilltieal 
process? 

WELLS: I 'll! not sure I know how t<t retrieve it from 
those hands. My general philosopliy is that the political 
process should direct tlieaclivitiesof the people that arc 
serving the state. And it lliis is political inllueiice driving 
tlie tccliiiologisl. tliat is the way it should he. Tlie service 
of the slate should follow ttic direction of the concerned 
people of tlie slate. And I antici|xite that to Ik 
demonstrated lhr<Higli the political procc.ss. 

SPEAKER: Arc yon using I.AKSY.S in slate 
computers now? 

WELLS: No. T exus A. M. is g<iing llitoiigli tlie 
process of computer hardware aci|iitsitioii. an IHM 
370/ 16H, which is coinpatihlc with LARSYS, and that 






aa|uiHilioii is luu ciMiiplcte. The hutch version of udvunces and when we show :i viuhle prmIucU (hink we 
LARSYS is installed at the Texas Water Dcvelopincnl dt> get reasonably good hacking. 

Board. It is operating in hatch mode. But the WELLS: I certainly did not intend to give the 
teleprocessing capuhiiity is not. Also, the Texas Parks impression that we have not prtidueed anything. We 

and Wildlife Department is planning to install the^ have. Jerry has done some vciy good Wiirk. and Tommy 
system. We do not have a centralized computing facility." Howell in the Highway DeparliiKmt has tine of the best 
Instead, each agency provides its own computer pr)wcr photogram met ry shops that I liave ever seen. We have 

or buys time from another agency. also done a lot of work in con niitcri/ing our natural 

CHILDS: If you were going to go back several years resources inforniution system. We Have a lot of work to 

and start over, what would you do differently? do. hut we have a iiscf il 1 (mi| already and we produce 

WELLS: The technological problems arc simple some useful romotc-sensing products, 
compared with acquisition of money and BANKSTON: A point has been raised ahoul ticingin 
conmuinicating with those pccrptc tliat you need to st>cH'ccoiunn:c types of data to lliese natiiiul resource 
communicate with. So. if we went buck and did it all systems. Provisions cun be made for tl;:it in the type i>f 
over again. I think I would start working first with the system I was describing. It is unrealistic to think in terms 
i*:quisition of nmney. concurrently with ih. proving our tif one massive system that will lake care of every tiling, 
comnumications capability with the people wi:h whom but there must he ways to tic things together. In our 
we arc working. stale, for example, we have an extremely high incidence. 

WERMUND: 1 am Jerry Wcmiund with the Texas particularly among blacks, of slcklc-ccll anemia that 
Bureau of Economic Geology. When we have produced seems to he concentrated in the delta area. Some 
viable products of use, we have gotten political backing long-term icscurch done by the iiK'dical comnuinily 
and/or nuincy. One reason the Texas Highway might relate this health priiblem tt> a natural condition. 
Department has a reasonably good budget is that il has We also have a higher than normal incidence of 
been a leader for a tong lime in the urea of hyperlension. We must stop and work closely with a 
pliotogrammcirics. which I also think of as remote variety of hoahincare service agencies to develop 
sen^'ing. So. while I agree that we have not moved iiiforinalioii systems, and we are making sure they are all 
terribly fast perhaps in deveUiptng ‘in overall state coinpalible. 
inventory system, we liavc made some considerable 
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S-6. Remote Sensing in Arizona 
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There are ccrhiin coniinon Ireiuls aiul some 
UilTercticcs ainon^i the stales represented here. ! think in 
Arizona we have some special dilTcreiices, while we have 
many items in common with other states* Our slate i> 
very receptive to reunite sensing, with clear weather and 
not much rain. It is highly visible, ultlumglt the U,S. 
Cleological Survey has said that not all ol it is very 
photogenic. Smne ot‘ those deserts do not show up too 
well and the details are not too visible citlier. In Arizona, 
we have quite a hit t)l‘ land that is just open, what you 
would call wasteland. It is natural and there has been 
very little development, lilscwhcre, the pressure on 
development land tlivoughout the state is increasing. 
These activities are not necessarily had in themselves, 
hut decisions must be made alTccling this land and how 
it is to he handled. 

Arizona does have a lairly large area, alumt I14 0(KI 
square miles. Almiit l(> |iercent ol‘ this land is privately 
owned: 44 percent, hederah 27 percent. Indian 
reservation; and l.^ percent, slate-owned. Some ol our 
14 counties have less than 5 percent ol jnivate land (Hg. 

1 1, Some arc mostly Indian reservaliniis. atui rtgure 2 
illustrates how these are distributed. National loicsts 
occupy about l(> |Kicoul td the state, lit addition, 17 
]KM‘cetH td’ the state is coidrollcd hy the Bureau ol Land 
Management. II we take all of these ownerships and pul 
them on tme \\\,\\y (llg. 3). vve see cheekerhoards williiii 
checkerboards. It you have the red squares, you sure 
waul to km»w whai the men in the black squares are 
doing. 

One piohleiu here is really cooulinalion. But a inme 
r.u ieaching piohletn is the tact that niuch ol the 
intormalum that peo|de have tu'eii talking about here 
does not yet oxinI in Ari/onu. The public laud survey has 
md been completed. A suhsiauUal part of the stale has 
ttevet been surveyed lo) lownships. Approximately 
percent has no 0)pogiaplnc mapping at eithci the I .‘s or 
the 7.5' scale. Soil surveys aie lumexisleid in iiuich o\ 
llie stale. So. ot course, wc lack the nune detailed 
uHoon.nion that we ittighi derive lioin these maps. 

KcMuirM’^ InhuituiuMi Svsirm. i'inniii\. Xii/mim. 

^ lK‘n.iiinietU i»l Aii/oii.i. 


In I ‘>72, wc held a scries of meetings with NASA, 
several other Federal agencies, and slate agencies to 
discuss how we could approach the problem. The 
outcome of that was what wc cull tlie Ari/oua laud use 
experiment. We were considering how we could take 
advantage ol new technology, cither existing or coming 
up in the luuirc, to cover ArUtma in a fairly unilorni 
system. Under the land use cx]')crimenl, NASA provided 
high-allitudc imagciy of the stale. Hach U-2 aircralt hud 
five cameras onbtrard: a mapping camera, three 
70-millimetcr muliispectral cameras, and one color 
7()-mlllimcler camera. The color was lor preparation rrf 
oithophotmttiud maps and also for interpretation. Figure 
4 is an example of Ihe color imagery we acquired. Wc 
have found that llie users are often accustomed lo 
large-scale work. The liigh-altiuidc, small-scale imagery is 
really effective in bridging the gap helween space 
imagery and what the user Itas been accustomed to. 

As a result of this pri)gram, wc will have an image 
base of the state prepared by US(IS from the Landsat 
imagery. We are looking to this base as one means of 
communication among many agencies. 

StHUc obvious llo<>d areas are visible in llgure 4. Asa 
result of seeing this fnmi high altitudes, the local 
govcinmeiit stopped some planned dcvehq>mcnis in that 
area. A iccciit report by the Office of F.coiiomic 
Planning attd l)cvcb»pment covers remote subdivisions. 
Figure 5 illiistralcs the use o{ this base with schematic 
overprinting. 

Oi tUoplioto([nads prepared fioui the 0-2 
phoUigiaphy are at the 7.5' quadrangle scale. Figure <y is 
an example. 

Mucl» of the land in Aii/ou,i is open comitty. hut 
activity on that land often depends on natmal 
vegetation. So. with the vegetatiotr people, we have 
ptiHluced a vegetation map »d the stale tllg. 7F a 
]>iK»klct, and a tialmal vegetation classification >yslem. 
We have made this conipatible with the li.S. Depaitinent 
nt the Intel ioi (I'SDh classirication The category ol 
naltii.d vegeSation includes loll acies ol lumlM on Ihe 
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()caksi llic ncai-iropical reeds fmmd In fHc Yuimr area* 
and all llic woodlands, rangelands, and so forth In 
between. 

We were unable to complete orthophotoquads in 
some areas. In the Grand Canyon section of the state, 
because of the rough terrain, we liad settle for 
enlarged aerials. We were able to use Landsut imagery by 
projecting the photographs on an l“S viewer and 
photographing the screen (fig- 8). This is strictly a 
photographic process, not done from tape. Figure 9 is an 
enlargement of the central portion of figure 8. The 
obvious tear-sbaped clearing is, 1 believe* about 3 miles 
long. 

Breaks in vegetation on the ground, such as that 
illustrated in figure 10, also show up quite dearly on the 
Landsat photographs. The clearing in figures 8 and 9 is 
an example. 

In the urban development around Phoenix, we arc 
losing a great extent of our agricultural land and we 
consider this a problem. Some people say. “Titis is just 
the way things are going ” The local government is not 
really able to do much abmit it. Tlic slate legislature this 
year had what i tlnnk was a very good land use bill, 
addressing problems of changing laiul use; however, it 
did not pass. 

To illustrate the infonnatiivi that can be obtained 
about urban and suburban areas, figure II is a 
low*altiludc view of Sun City. Figure 12 shows the same 
circular development Irom a U*2 at 65 000 feet. Figure 
1 3 was taken from Skylab: the development has changed 
again. This is a way of keeping track ol development 
strictly by piuUography or physical imagery. 

We also arc concerned with dcvokqnncms in the 
desert. New conslriiction does show up quite light in 
aerial and satellite imagery as you raise dust in a desert 
area. U is highly visible. 

Arizona dm‘s have ojKMi pil mhiing (figs. 14 and 15): 
this slate produces more than 50 percent ol the natUm s 
cop|)cr- 111 stnne instances, these pits arc considered 
objcctkmahic. aiul a balance is rcquircii between 
economic development and the effect on the esthetics ol 
an area. Tliesc twt» figures illuslialo the transitum we can 
make from ground to high altitude iiitoriuatioii. 

Ari/tmu also has a fair unumnl ol agricultural land. 
Figure 1 6 shows how agricuUurul areas appear !ii red on 
coloMiifrarcd imagery. Figure 17 is ol a Hood control 
dam with s<imc agrlcullund area armiml it, and figure IH 
is a doscitp of the agricultural activity. We arc going to 
lie working with the U.S. Department i>\ AgiiculUirc to 
consuler lliis tyiie of imagery for dctcrinhiing which 
agriciiiturai laiui has iieeii aciive. 

One way to make a quick graphic iransler ol 


information is by u Zomn Transfcrscopc (fig. 19). Such 
information us scliool district boundaries can easily be 
overlaid on an orllmphotiHiuad. The Soil Conscrvatimi 
Service and the U.S. Forest Service are both using the 
1:24 000 orthophoto base for some of their work. 
Various kinds of information ate being recorded on this 
accurate base and we believe lire base is suitable for 
eventual Input into computer systems. 

During the past year, we have just been getting the 
system together. I v.xpect we will go tlmmgli a 
reassessment and regrouping as we put some of these 
things inio operation. If we want to predict the future, 
we can just glance back and sec where we were 5 years 
ago in remote sensing. Most states have taken 
tremendous steps in the past 5 years* and at least that 
much progress can be expected in the next 5 years. 

I see a need for at least one center where 
emergency-type information from space can be assessed 
and put into the hands of the user almost immediately. 
The technology is here and I think it should be available 
III an emergency situation, such as u flood. I am sure 
people from any state would be willing to go to such a 
center to gel the inlormatton and get it u> the 
decisionmakers. 

Another problem us we look ahead is changing to the 
metric system. An adjustment ol the grids will be needed 
in North American data. My primary advice now would 
be to stay flexible in tirdor to adapt U) new systems as 
they come. 
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DISCUSSION 

LEONE; l•rallk Leone from Ohio Natural Rewnirccs. 

I am 1’miiiHar with the Arl/oim tradc«off model. whicl>. I 
understand, evaluates environment at , economic, and 
demographic conditions and is used as a decision tooi. 
Ilow, if at all, arc the reirottc-xcnsiiig data used in the 
AriMiua tradc"»>ff model*? Are tlrese data at a resolution 
compatible with «>tl»cr parameters? 

WINIKKA; Tircre is no feed into that system at this 
time. It was operated for evaluation by titc Olficc oi 
Uconomic Planning and IXvcIopment. asing a cell si/e of 
60 st|uarc miles. We have not crossed tlic gap on how we 
would input, but I am sure tliis will be considered for 

****^WllSoN: Jerry Wilson. Fcderal/Statc Land Use 
Planning Commission for Alaska. How docs tlie public 
get access to ytnir data'? If a citi/snis* grmip wants to 
Imrk at an area, how can tlicy ? 

WINIKKA; We have an opei. ollicc as far as tlic 
public is concerned. Unless we would li;.vc to sclieilulc 
people, tlicy can drop in any time. We liavc miners 
slopping it» and [W-rpIc I'roin cities and counties come to 
see an area in wliicli tlicy arc interested. Tlicy can look 
al llie data in any one ol several ways. We liavc the 
orlhophotoiiuads completed ot the state, we have NASA 
iinagi’fy. and we have viewing eiinipmenl. II they want 
copic.; of the ottlio)iiioloriuads. tlicy arc available in 
several formats, (‘ili/.ens can get them photographically 
or. for soiiv; areas now. in blacklinc o' lihiclinc copies. 

WILSON: What arc ymi donig about training ? Is your 
imagery emning into your universities'? Is it coming into 
local ermunnnity colleges’? 

WINIKKA: We have fairly close coul:ict with troth 
,\ri/ona Slate University and the Universiiy ol Arizona. 
The University irl Arizona has an Oil ice ol At id l..mds 
that is gelling a copy ol' the luiiulsal iiiiagciy on a 
■ wgular basis. Only I wo or three jimior colleges are 
actively interested in this area. We are not sending 
aiiylhiitg lr> them hiil [leople Iron' junior colleges have 
bceit ill tlic irflicc working on slndics or picking up 
m.ilcri:il. 

HUNT: Bill Ihnil from Moirlaiia: I aiii a 

tcprcseiilalivc of the IK'paKiiicnl of liilcigr'vcriiinenlal 
Kclalimis. In Motiiaiia. we have one of llie prohlems you 
do some of out land is fiagile and |vih.iirs should not Ik- 
devcloiK-d. Have you I’ceii alile 1" "sc lliis iiiuigeiy to 
eouviiice the legislaline of llie pt.-irlem? Have yon hceii 
elleeiivV Have legislalois shown any inleiost ? 


WINIKKA; We have not had a formal opporlunliy 
within the Office r*f licononiic Planning and 
Development to show any of tbis material. However, 
many legislators urc familiar with It. We bad some liiirly 
strong support in the legislature; however. It JusI was not 
sufficient. We arc ready to lK*gln a project to detail the 
land that is being taken by remote siilvdivishms. In some 
Instances, dcvclo|wrs scratch out srnne roads and sell lots 
to people throughout the country. No further work is 
ever done on the subdivision. Wc will be using this very 
graphic means of illustrating the problem. 

MOODY: Steve Moody from Missrmri. A (icrs in troni 
NASA told me lie considers the stales to be the prime 
users; I disagree with that. Our stale is the generator and 
oui primary users will be regional planning commissions, 
CiHintics. and cilics. Did you actually invulvc tlicsc 
(icopIc when yt)U developed tlic systems? 11 so, how did 
you do it? 

WINIKKA: The proposed IcgislatUm on land nsc had 
a s\foiig emphasis on local control. Any land use bill that 
eventually passes in Arizona will include strong local 
contnd. More specincally, tuir material is dctlnilcly 
being used by counties. l*or example, one county is 
Using it to evaluate constis lumiularics. Several counties 
are itweiitoiyiiig their coiiiny mads lor the Itrst lime. 
The scale i»i t:24(K)0 is not lerrihly suitable lor cities 
and. lor dial reason, the cities are not active in using it. 

SPEAKER: Did you ask the cilics and counties what 
they iicodetl? 

WINIKKA: N«vt direelly. Theic was no 'onnalion 
existing and the counties had olleii been wi>rking at 
smaller scales than inns. So our inlormalion was readily 
acceplcil. The counlics find this scale acceptable lor 
most oniicir work. 

SPEAKER: It seems \o me it is going to take a lol 
longer time to go back and intlueiice lire user to use 
what is available than it would to bring him in hclorc 
you begin. I leali/.e llns metluKl will result in a hmger 
lime to set up the system originally, hut when it is dime 
it will he mi»st us;ihle. 

WINIKKA: Our approach was printarily Iroin the 
state ageucy slandtroiiil aiul we did iuivc a do/cn or 
more stale agencies involved and very supimrtivc ol !lie 
\v»)tk and the scale. 

SI4:AKEK* Ibis system is still in an evidutiotiaty 
stage, llie counlics were iuvidved early in the 
evolutionary stages and have been very sup|xirtlve in I lie 
devciopniciil o\ this system. I licy did have strong inpnl 
in the initial design ot what wc wcie trying to do. 
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S-6. Alaska's Needs in Remote Sensing 

John L Half* 


Future ssliock has hit Alaska: the Trans-Alaska existing in state aiul local governments, in the husincss 
Pipeline; the proposed Trans-Tontincntal Gas Line: 44 eomiminilies, and in educational institutions) to express 
million acres of new private land: 80 million acres of tlicir tKcds and have a voice in mutters leading to the 
new national lorcsts, parks, and wildlife refuges: 104 delinition i)f new systems. Today, it is the providers of 
million acres of land to go into state ownersliip; s|nicc systems who devise what they believe arc useful 
rclocatioit of rmr capital city from Juneau to somcwlicrc requirements and proceed to build cxpciimcntal 
west t)f the 14 1st parallel; a horrendous offshore nil systems. Tlicy then find themselves in a piKsition of 
development proposed by the Federal Government; and trying to sell this technology to .prospective users. Wc 
bulging urban sprawl. Ttie last frontier ended in U)75. have all seen this during the last ^ years. This prticcss 

Tlte new private native corporations, the expanding needs to be reversed. Tlie board |x?rccivcs a need for 
slate agencies, and llie Federal agencies are all in need of smne organizational mechanism designed to ensure user 
the mtisl modern and best services in all phases of participation in dctlning the system. I think that is one 
remote sensing. To einphasi/.e this pt>int and the of the problems we arc facing here, 
problems wc face in Alaska, I w< mid like to quote from Tliesc recommendations came from the slrtmg 
tlic letter dated November 6, 1974, from Robert ('. recommendations of (he SAB Panel on Lind Use 
Simmons, Jr., chairman of the National Research Planning, t»n which I served. The panel made the 
Council, to Dr. J^mucs FI^ :chcr of NASA. The subject following recommendations related to factors which it 
was the Icnlatlvc iccomnicndallons of the Space cimcludcd were inhibiting exploration of the imtentiul 
Applications Board (SAB). Til quote out of context: use of satellite-derived inforination in land use plaiming. 

“Aimiher group of [xmel recommendations is under Tlic panel recommended that studies be made to resolve 
study. These recommendations, while they deal with issues in the user community coiicemiiig grid siz.e, 
problems 1 he .SAB considers valid, suggest solutions that accuracy, and map projectiotis. It called for the 
tile hoard wishes to consider further heftirc reaching capHhility l<i provide users with information products. ti> 
conchisiims.*^ ' think we are working on those. process to vaiying degrees, and It* verify tlie accuracy of 

The recomincmlalions rclalc to the following the products. It rcconiinended that joint F'ederal/Stalc 
problems. There is an imporlaiil liansitioiuil stage remote-sensing centers be established regionally to 

between research and development and the pr<ivide locally orictited research, developmenl. 

imptemenlul ions of operational applications systems, hi o(ieralioiial. and extension services to users. It 

this transitional phase, the lochnological capabilities of recoiimieiuled, that, in view of the pressing rei|uirements 
tlie system luive been demonstrated but tlic user for planning land uses in Alaska and the uiii(|ue 
comimmily has not yet bad sufUcicnt op|>(>rtimity lotry opnori unities iliat exist there, a prototy|re 

the system and decide If it should replace or supplement leinote-sensing center he established tlicrc immediately, 
older nielhods. Some aiithoiities consider that the t iccominended that NASA he anthori/ed by <'ongress 
NatiiMiai Aernii:‘.ilics and Space Act of lO.SH autliorizes to provide o|Kralioiial and extension educational 
NASA to work in u transitional pliase: others do not. .^CiZiecs lo both public and private users regarding data 
(Jiutcr the circumstances, NASA has refrained from c.MtaLikm and iilili/atioii. It recommended that users 
carrying dcijionsIratiutiN heyoiu! technical feasibility. As pavlicipate in the planning process by providing 
a result, poleiiMal users li;tvc not had adequate inlormalion reijuircmenls. 

opporlunily to evaluate new services. Ihcy exist at The panel iiilbrinally guesstimated that miiilederal 
present. No existing insitiliilional mcclKinism permits a agencies will spend appmximalcly S 250 million pci year 
large body of potential nsers (wliich the hoard secs as in the next decade collecting iiifonnatinn that 

'VKhdI I cdvral Slate I ami t^e IM.mntug rtnmin\sioh tor At.isk.i. tiitHMU, Alaska. 
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satcIHtc-bawd renioic-scnsing sysicms could supply at a 
30-|icrcciu4ower cost. 

Wc have 3 iitari in Alaska, bui it is not enouj.|i. not 
wlicn wc arc faced with sctlline the state, the land 
pattern of the state, and social and economic cultural 
issues in a very sliort 5-year period. No conference or 
sympo^m is gwid unless it produces some action. As a 
suggestjon, I would urge that you think about these 
recommendations. Congress has bills bi,forc it that 
would authority and direct NASA to be in the 
operational and extension field. Althougli these bills 
might not give all the riglit answers, they are a start in 
the legislative process. I urge you, the local and state 
users and those involved in the Federal Government, to 
support this type of legislation. And if you think you 
can do a better job, draft your own ideas on legislation 
and contact your congressman. The joint Fedcral/Statc 
remote-sensing centers were recommended because we 
felt it necessary to get the information out to the users 
and consumers. These centers could be patterned after 
the forest and lange experiment stations scattered 
throughout the nation that arc operated by the Forest 
Service of the U.S. Department of Agriculture. I know 
some of you arc thinking, “Hey. wc need one in our 
state. The gjwcrnors, commissioners, legislators, 
mayors, corporate presidents and boards, planners, and 
managers need the information now. Tliis is so true in 
Alaska. I think most of you would say the tcclinology is 
probably 25 years ahead of the application in the field. 
And. as users, wc just can’t wait for the present 
government institutions to respond. Tlicrcforc. the 
adininistralion, the Office of Management and Uudget. 
NASA, and the Departments of the Interior and of 
Housing and Urban DcvcIopmciil (HUD) must accept 
tlicir responsibilities and provide their latest and best 
temote-sensing information to the |>lanncrs and 
decisionmakers at the state and local level in both tlic 
private and public sector. 

In the analysis of Alaska, the 44 million acres of , 
pnvatc land is only 1 1 percent of the state, but the I 
native corporations (native in Alaska refers lo liskinio. ! 
Indian, and Aleut) will control uuigtily one-third to 40 i 
percent ot the state's resources, subsurface uiul surface. i 
Now. a big (piestion wc face is: what type of casciiicnis « 
should be reserved on their land by the I'edcral and i 
State Governments iK-fore it goes int.i private i 
t>vviiersliip? This is a very controversial prohicm and. of t 
course, one that remote-sensing data really can help in v 
resolving. We need tiigli-altitiule phoi«(graphy. We could 
have it from NASA and the iiiilllaiy. All wc need is S 
iihmil 14)000 llight line miles. We heady have an A 
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» - ,■»( 


data, pliouigraphy taken by the military in the I940’s 
and cariy 1050‘s and a series of resource maps on a scale 
ol 1:250 000 for the entire stale. Wc divided the state 
Into quad-quads based on USGS I ;2S0 000 qiiads; there 
arc 46 for tlic state, Wc have a set of 20 to 25 re«iurcc 
overlay maps for each quad-quad. Wc have divided the 
state Into six planning regions and we arc preparing a 
«ries of regional atlases. These were a result of 
Interagency cooperation between the state and the 
Federal Government: HUD. USD!, and the Division of 
Hanning. Development, and Research in the govermrr’s 
office. Tire commission has published a statewide 
inventory based on the 6 planning regions and the 18 
subregions. One thing oar inventory shows is how little 
wc know about the state. Sometimes, as the nation 
focuses on its nmds for oil and gas, wilderness, national 
^rks, and wildlife refuges in Alaska, we get a little bit 
^tter when wc see the amount of money that our nation 
has put into other parts of the world. Now Alaska’s 
needs arc great and wc fac-c Iniporlant decisions and 
we’re short of data. 

To summarize, the two important points I have tried 
to bring out arc. one, the need for NASA to get Into tlic 
operational, educational, or extension field. This 
requites an acl of Congress. And two, tlic idea of 
rcinotc-sensing centers. The Forest Service experiment 
stations have worked and remote-sensing centers could 
work. Low-altitude, higli-allitudc. and satellite data 
really need lo be centralized in one spot. 

DISCUSSION 


HITCHCOCK: Just a comment about the centralized 
remote-sensing centers. The Tennessee Valley Authority 
has had some experience with different extciisinn-lypc 
vvork. Wc have seven stales in the Tennessee Valley 
three toresi cxpcrimcnl stations, and three NASA 
organizations wc are dealing with (Bay St. Louis in 
Mississippi. Kennedy seivtng Georgia, and Huntsville 
serving Alabama and Tcnncs.sec). Remote-sensing ccniors 
would be good provided they d.m’t force the slates lo 
coMlorm to each other so that they would have to use 
one very hifiexibic data smirce. If the ccniers try lo 
niakc the data ilcxible enough to lit each slate’s 
individual .syslem, there will In- a henclll. If the centers 
tiy to convince stales lo use any spceillc system, they 
wilt fail: they just have lo be can.-1'iil. 

SCHUMANN; I. i.m. wiHild like lo talk almtii joiiii 
Sl:ilc/Fs ral ccniers. We considered this .serimisly in 
Arizona. I have .several qiieslions. Wlial is the cuirenl 
:slaii!.s ol lilt- proposed one lor Alaska.' Wmihl 
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visuuli/.c (he Kcopc t)f these activities as siniply ilatu 
analysis and applications or would we get Into data 
collection us well? 

HALL: Right now, it is still in the planning stage. In 
answer to y ^ur second question, it wt>uld be data 
collection and, to a point, analysis. Tiiis part has to be 
worked out yet. 

SCHUMANN: I think we would see across the 
country that these centers would be unique to the state 
or to the area. Each one has different problems. How do 
you visualize funding of these State/ Federal co-op 
programs, or how would they work? 

HALL: It would be very desirable to go back to the 
bills in Congress on NASA to get them in as lead items. 

It would be best if shares of tlic Department of tlw 
Interior, HUD, and others could come right off the top. 
How much should the state kick in? Our present 
commission is funded 50-50. My own feeling would be 
that the Federal Government might have to kick in 60 la 
70 percent. I would emphusi/.c that every state and 
region is different. In the legislation, you must have a 
fixed figure and it definitely should be a firm, strong 
financial commitment by the state. 

MYLES: I am Ron Myles, State of Oregon, and I feel 
a kinship to Alaska to some extent. We arc the 1 0th 
largest state. We have 75 percent of our population living 
in one valley, but we have vast unexplored land to 
develop and, fortunately, not under the pressure that 
Alaska is to develop it tomorrow. I have a concern ahmil 
user definition of need and getting a body to implement 
tliosc needs defined by the users. I see in the discussion 
thus far the various states and their needs being just 
unotlier verslim o\ what went ow in Wisconsin and Texas. 
If we are hoping to get Federal involvement and 
implementation, we had belter get together on what 
those user applications and needs are going to be. By the 
time you pull all of the various user applications 
together for 50 slates, you have stnnething that uobiKiy, 
including the Federal Governmciit. is going want lo 
tackle. I just hope that stales such us Alaska ao not go 
the way Oregon, for example, has been over the past 
years, trying to develop everything on an trsuiar basis. 
Many of the applications and many ol the means ol 
implementation have been develo|>ed. Somehow we 
must pull it all logeliicr. Otherwise, these special iisesare 
just gthng lo overpower eveiyhody. including the 
Federal (itwerniiienl. 

HALL: You nuisl assign prioriltes so that you aie not 
dtilng 12 similar projects. I know this has happened in 
many otlier organizations. 

HEDRICK: My name is Wally Hedrick; I am 
rcsjHmsihle for the remote-sensing project with Pacific 


Northwest Regional Commission, for the Slates of 
Idaho, Washington, and Oregon. I was surprised at the 
estimate of S250 million per year to gather information 
by the private sector, nonfcdcral. That probably is even 
a low estimate. Do you have any ideas on how to involve 
the private sector, the large natural resource agencies, 
the forest product agencies, in some kind of 
remote-sensing program? 

HALL: In Alaska, our private sector is now 12 
regional corporations who will own these subsurface 
rights to tlic 40 million acres and titen about 204 village 
corporations who will control surface rights on the 44 
million acres. We may have a unique situation tlicrc. My 
experience in dealing witli large companies is that 
sometimes they have llicir own programs, but here again 
there is an opportunity for cimrdination. A lot of private 
low-level and high-level pitolography has been done in 
Alaska and, of course, the public sector cannot get hold 
of it. It would be nice if we could, but you have to get 
into reciprocal agreements; that is, what do you have 
that they want? The opportunity for private industry to 
take a very active pait in these centers has to be 
considered, as well as the opportunity for the research 
ann, mainly located in the universities. 

BOOTY: We visited Bay St. Louis a year ago and 
were definitely impressed with the facilities. We would 
like to see those types of facilities around the United 
States but I don't know if I would care to have Federal 
agencies doing all the work. I think state personnel 
ought to be doing tire work as much as possible with 
guidance from tlic Federal agencies. 

HALL: If I indicated to you that they would Ik 
staffed by Federal people, no. We have found it was 
desiiabic to have 50-50 slate and Federal |Ki>ple. If you 
dtm’t have the state personnel, you may have lo hire the 
Mulividiials as employees of the center. But I think to 
make (hem successful yon must have the state and also 
(he local users, the Introiighs and counties, as a txirt ol it. 
You would have to draw upon all seclois. 

SPEAKER: I fear that if the information was jnsi 
generally givem to the slates, it would just sit on the 
shelves like many other plans di>. 

HALL; That's a very good inutit and ime that I think 
would have \o he followed up because it*s st> I me. We 
found this v.\ i>ui inventory. In lact, we were accused ol 
being too much on the Federal side just because lew 
dale people were available. 

SPEAKER: In the matter of data acquisition by 
aircraft. Tm talking ab«>ut the high-allilude aircraft that 
are research only with NAS,\, The US(iS di>es not have 
the hardware. Private enlerpiise can d«t m^oic ot it. hut if 
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sec the piwsibility o|* citlicr NASA or USGS expunding 
cooperative programs to get into simic sort of 
arrangement where If a state wants to be flown, the 
Federal Government puts up part of the money and the 
state puts up part and we all use the data? 

SPEAKER: The orthophuto is now considered a 
standard mapping product by tlie USGS and is available 
m a cooperative basis, 

SPEAKER: At what scale? 

SPEAKER: We have just launched Into a program to 
develop 20 000 ortho photoquads nationwide to be done 
with contract Lear jets at 41 000 feet. 

SPEAKER: The nonpoinl program of the 

Department of Agriculture might also he considered. 


That ty|>c of imuf'.ery is going to bo needed for any 
non|x>iiit sources and it will be one of the problem arcus 
in the future. The SCS has said that there arc 500 to 600 
more pollutants from nonpoint sources than from point 
sources. Tliis is coiUrovcrsiaL loo, because it is land use. 

PARRISH: Right. We passed a law in Gci>rgia 
requiring every county or city government to come up 
with a sedimentation erosion ordinance in 2 years. And 
for ItKal people to do that work, they will need the kind 
of data we can’t provide to them right now. 

SPEAKER: The Department of Agriculture is alsi» 
looking at the resource conservation needs inventories 
and may use remote sensing the next time around 
instead of the 2‘pcrccnt sample. 


V 
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S-7. User Requirements for Project-Oriented 

Remote Sensing 

H. C. Hitchcock “F. P. BaxterfmidT. L. Cox^ 


INTRODUCTION 

Foresters and land managers of the Tennessee Valley 
Authority (TV A) have long regarded remote^sensing 
technology as a valuable resource tool. The Division of 
Forestry, Fisheries, and Wildlife Development uses 
remotely sensed data in the analysis and appraisal of the 
regional timber industry and the forest resource 
situation. One of the earliest applications of remote 
sensing in this program area was during the period 1937 
to 1940; TVA foresters, aided by 1 :24 000 plunimctric 
sheets and aerial photographs, produced a valley wide 
forest*typc map (ref. 1 ). 

In the 195D*s, a continuous valley wide forest 
inventory system, relying heavily on aerial photography, 
was initiated. Photointerpretation provided sampling 
expansion factors based on forest area estimates. 
Additionally, the plmtograpliy aided ficldmen in plot 
location activities. Today, aerial photographs arc used to 
update forest area estimates and to monitor land use 
changes related to the valley forest resource situation. 

Remote sensing has been used in programs related to 
wildlife habitat evaluation, strip>minc reclamation, and 
general land use mapping. Ail the applications iiivolvcd 
photointcrprctaiion, with field veriilertion us a single 
data source for solving natural resource problems. 
However, this type of approach often proves to he a 
great disadvantage. Natiiral-resource-rclated phenomena 
are the result of complex interactions involving matiy 
factiirs. Such relationships make It imperative that land 
inunagers take an interdisciplinary approach to prohtcim 
and utilize the full potential of all available tools. 

Recently, the tbrestry division has been developing 
tiv^derii analysis techniques using digital data that 
greatly onliaiice land analysis and dedsummaking 
capahilitic.s. The beiicfit acquired from the use of these 


techniques stems from the ability to combine data from 
meny sources to focus on a set of interrelated problems. 
Remote sensing is only one of the tools tliat a land 
manager possesses, and its value is increased greatly in an 
interdisciplinary approach to land management 
decisionmaking. 

This paper focuses on two major areas: (I ) the role of 
remote sensing as an effective data source in present and 
future land analysis systems used by TVA and (2) 
problems associated with using remote sensing as a 
partial data source and requirements for alleviating these 
problems. 

ANALYSIS PRINCIPLES 

The land analysis systems in the division have been 
described^ as having the following four major objectives 
related to program needs. 

1 . To provide inputs to planning and environmental 
impact assessment processes througli analysis of current, 
accurate, and rapidly retrievable spatial information 
about natural systems and factors that potenlially affect 
tlicm 

2. To aiiuly/.c chractcnstics of the forest and wildland 
resource so that its value and benefit can he uiuximi/cd 
through accurate recommendations and predictions 

3. To provide the capability of rapid, sitc spccitic 
analysis of spatial land-related data using simple and 
flexible computer systems of moderate cost 

4. To provide a structure for the decision process that 
evaluates spatial and tcnqn>ral distributions of land 
treatments 

Details of various lan*l analysis systems wilt not he 
given. However, three elements comimm to all laud 
analysis systems arc |)crtiiienf to this discussion. 

I'irsl, the systems employ an interdisciplinary task 
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approach with individuals from several diaclptincs 
working and interacting for a common goal. The task 
approach is necessary because it cmphasi/cs a final 
product as a goal and enables the group to view the 
project systematically. In such an atmosphere* 
remote-sensing technology retains its proper role as an 
analysis tool rather than an analysis system. 

Secondly, the analyses are “computer assisted." 
Those proeesies more economically dime by hand are 
not computerized: but the computer is used where it is 
obviously more efficient, such as in the analysis of 
regional data sets or when overlaying a large number of 
data sets simultaneously . 

Finally, the existence of a spatial hierarchy is 
recognized, the level of analysis detail depending on 
feasibility constraints of data collection, computer 
capacity, and processing time. 

An important part of the computer-based spatial 
analysis is the reference system. It is the referencing of 
data or registration that permits the integration of 
different data sources in the analysis process. The 
systems used by the forestry division primarily employ 
geodetic cells for data storage and analysis. Rectangular 
or square cells arc difficult to use where universal 
transverse Mercator (UTM) zone boundaries occur* such 
as in the Tennessee Valley. Gciidetic cells change with 
latitude* but the change in area can be calculated by the 


computer. The cell hierarchy (figure 1) consists of cell 
sizes ranging from 3.75” (1.09 hectares) to 30 (69.2 
hectares). 


applications and problems 

Aerial Photography 

In developing intensive forest management plans* two 
types of analysis are needed to develop site- and 
time-specific land management activities, especially as 
related to timber. 

First, there must be an inventory of present forest 
conditions to identify areas with higlt potential for 
management. Secondly, there must be an analysis to 
identify areas where physical or social constraints dictate 
modified or low-intensity management. For example, an 
area with high timber productivity may be eliminated 
from certain harvesting practices because of slope and 
inaccessibility. Another example may be a ban on 
certain regeneration methods in an area near a high-usc 
recreation area. 

Cox and Weber (ref. 2) demonstrated the feasibility 
of using incdium-scalc infrared imagery for interpreting 
forest resource variables such as stand size* stand 
volume, and stand types for regional analysis of a 
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dispersed resource base. They made direct 
interpretations of each variable from 1:24 000 
color-infrared transparencies. Eacli variable was plotted 
on u 7.5' topographic quadrangle map and then hand 
digiti/ed and coded into 3.75" cells for registration. 

After registration ♦ the data were overlaid in the 
computer with physical variables digiti/.cd from other 
sourcest such as soils data from SCS soil maps and 
topographic data from quadrangle maps. Overlaying the 
basic data in this form made possible the idcnlificatkm 
of timber capability classes or areas that* because of 
their physical characteristics* had or could have high 
timber pn>ductivity. 

Not all areas capable of high timber productivity arc 
suitable for intensive management. Thus* u second 
analysis was needed to identify those ureas where 
constraints (such as excessive slope* shown in fig. 2* or 
conflicting land uses) existed. Following the analysis, the 


study areas were then grouped into homogeneous units 
for management purposes. 

In this instance, pliotointcrprctation was used ti> 
inventory forest resources and aided In the identification 
of land capabilities. Further analysis of the data with 
other variables permitted the rapid Identification of 
management problems and potential c<inflicts, thereby 
facilitating the management decisionmaking process. 

Wltcn using photointcrprclation techniques as partial 
input for development of intensive forest management 
plans* certain problems arise. Aerial photography is 
typically flown on a project basis for individual 
geographic areas. Therefore* no central files exist by 
slate and government agencies, existing data provide 
incomplete coverage of a study area, and if data arc 
available for a wide geographic area, they arc in varying 
scales and film types and were taken on different dates. 

If the majority of user agencies within a region would 
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cuter into a joint task approacli (establishing mission 
criteria anti using the data), users ct>uld enjoy major 
benefits, such ast (l)a decrease in the cost of each 
project. (2) an identification of dupheatiems in effort 
and of tiiosc areas having incomplete coverage, and 
(3) an increase in the relative accessibility of all coverage 
if one agency were used to perform acquisition activities. 


Multispectral Scanners 

Many problems associated with the project-oriented 
uses of aerial plmtography do not exist with 
multispectral scanners. With the launch ol Landsat-1. 
resource managers have been able to get repetitive 
coverage of large areas witliin a reasonable time frame. 
Because of the unique qualities ciiaracterislic ol scanner 
systems, however, new problems arc replacing the old 
ones. 

Scanners that are mounted on satellite platlonm 
characteristically provide extensive coverage at loss of 
detail. Even though this principle Is generally 
understood, many users expect the data to provide all ot 
the answers. 

It is very costly, time consuming, and it is often 
unproductive to attempt to inakt Level II or III land use 
classifications from satellite scanners. In fad, no effort 
sliould be made at ail to classify land use based upon the 
sole criterion of electromagnetic rctlectance values. 

Tfte rationale behind this type »>f philosopliy is quite 
simple and also very similar U» the previous example of 
land capability versus land suitability. Land use 
classificatums are based upon si»ciul attd economic 
factors as well as physical factors. In some cases, the 
nonphysical factors altect the physical and actually 
bring about resulting changes in s|n:clral signatures. For 
example, does a Unge patch of asplialt hcUnig to an 
airfHirt, an interstate higliway. a sehiud. or an imluslry 
Several factors (including sliapc. size, lopogiaplnc 
position, lone, patleru, shadow, and texture) must he 
evaluated in identifying fcalures on aerial plmtographs. 
The absence ol any of these factors reduces considerably 
the power the photinntcrpicter 1o identity tealnics. 
Analogous u> this Is idenlifyittg or classifying land use 
employing inultisjH'ctial scannev data. Hie ability to 
coiTCctly identify land use is dc|H:iKk*nt on many 
tacltMs. primaiily the inietielalbmship of land c»wei. 


topography (slope, elevation, etc,), soils (drainage, 
parent material, etc.), and ownership characteristics. 

The forestry division is attempting to use this type of 
land use mapping in several project areas. Soils and land 
cover arc being successfully overlaid to enable Inferences 
about land use or resource cbaructcrization* (fig. 3) to 
be made. Work is continuing on acquisition of 
top^rgrapbic and ownership data. 

Land cover car. be efficiently classified for large areas 
at reasonable cost by using Landsat multispectral 
scanner data. The digital form of the data lends itself to 
rapid processing by computerized land analysis systems. 
The problem in using digital data is in registering the 
data to the geodetic reference system used by the 
division; success has been achieved with regression 
modejs using third-order polynomials. 

A drawback in using regression models is tlic 
increased number of data points needed as the size of 
the area increases. The solution to this problem is proper 
data registration at the lime of collection. Several 
alternative methods exist, but prtiper registration of 
muitispcciral scanner tapes greatly increases their utility. 
Kegistration to the geodetic coordinate system, which is 
universal and easily transposable into other coordinate 
frames including state plane and UlM, would also 
increase utility. 

Land ciwer information derived from Landsat 
multisiKctral data can be overlaid in a reference system 
with soils data to make inferences about a number of 
land uses. A compatcr-hased appriiach has been 
dcvelo|icd to accept and interpret soil survey mapping 
unit data and provide a variety i>l spatial soil 
iufonuatioii in the form of single -fact or maps. Lach soil 
mapping unit Is coded and a legend is provided 
dcscrilung basic soils data tor each unit. Basic 
interpretations of soils data include such items as 
permeability, slope, or depth to bedrock. In this process, 
the basic mapping unit is digilized only tmee am! tlieii all 
subsequent interpretations and overlays can be made by 
simply manipulating the original data. 

The majoT heuelil from stming basic resource data, 
such as land cover and stiils, in the manner described is 
fiexihility. A land use hitciprclatimi map can he used 
only wHhin the constraints of the interpretations: i.c., a 
land use map is based on preset dermitions. Tire 
ineliiodology previously described is more flexible in 
that delinititms can he easily changed to fit program 
needs witlioul having to acquire new data. 
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SUMMARY 


Remote sensing provides u valuable source of data in 
land analysis activities: Itowcvcr, sudi data must he 
analyzed in conjunction with all inher data. The TV A 
Division of Forestry, Fislicrics, and Wildlile 
Development accomplishes this by registration of the 
remotely sensed data to geodetic coordinates, thus 
providing capabilities for overlay analysis. 

Two problems arise when using remotely sensed data 
ill land analysis. For aerial photograpliy t>f a large area, 
diftcrcnces in scale, dates, and film types have to be 
reconciled. These problems could be eliminated with a 
regional task force of user agencies for data acquisition 
and dissemination. 

The second problem is registration. Aerbi 
photography can be hand registered, bui multispcctral 
scanner data must be machine registered, often at 
considerable cost to the user. This problem could be 
solved by proper registration of the data at the time of 
acquisition. 

If remote sensing is to become a universally applied 
tool in land management and planning systems, a major 
cimceptuul change In the attitude of the remote-sensing 
community is needed. Remotely sensed data nuist have 
the inherent flexibility to tit a number of analysis 
systems, each one designed for a unique purpose. We can 
no longer expect analysis systems to be designed annmd 
OIK rigid and inllcxiblc data * 

DISCUSSION 

TRFXLER: t am more familiar with water quality 
studies with t^andsat data hut I think you arc probably 
the only person I have heard who hasdctiiiitely used the 
data to make very impressive decisions. It seems that 
everybody is collecting data and arguing abtuil money 
and everything that is involved. Wlio has really used it? 
For uistuiice, how would water quality or Faiulsal data 
stand up in couif? I am glad to hear that smnehody h 
making decisions based on it. This decision sysleni that 
you have conceruing the whole ecosystem is excellent, 
also. 

HITCHCOCK: You may mu really say (he wlude 
ecosystem, because we arc looking at physical factors. 
The iK'opIc sitting aiouiid making the judginenis input 
the ecological v,iriiil>les in the fonu ol expert opinion. In 
(he data base ilsell. we di» not have such tacims as sMe 


index in importance values. They come in the form of 
expert opinion. 

SPEAKER: At least everything is lie hig considered as 
much as is practical. I would like for you to ex)xtnd on 
youv section 208 application to FIFA. 

HITCHCOCK: A consulting firm from New Jersey is 
ruimiug one of these section 208 projects in Knoxville. 
Tltc project includes certain ciiteria as input into 
noniHiint |H>llution sources. Our data base happens to 
include all the soils information and all the land cover 
intormation the consultants want. Hie only variable that 
we do not liavc is bedrtrek geology. It is just a simple 
mutter of coding tlicsc things using the grid we bad. 
Because we have each data point tied into u place on the 
ground, the consultants can transpose it inti> the 
reference frame that they use. 

SCH WERTZ: I wanted to address some of the points 
you made concerning the stacking of data. Many people 
have heard about the land use and data analysis (LUDA) 
program. It is a computer system. It is the ability to 
stuck data. Louisiana has a complete system of numbers 
for land use cover. Accompunying this .system are hun 
data analysis overlays: water basins, parishes {counties), 
ownership information, and census subdivisions. We are 
adding soils: we have recently done Ihv.id information. 
But the point I want to stress is that laud use mapping is 
nothing in itself. It must he registered to some 
cmirdlnate or ge<Hictic rcrerenciitg point. Without the 
ability to stack data, you will continue to have nothing 
hut pretty maps to look at. And therefore, although the 
LUDA system differs from the TV A system, I thiiik the 
basis is still tlie same. It is the slacking of the data, and 1 
think it is a very gimj approach. 

SPEAKER: I would jtisl like to Ik assured that what 
is done under this program is in such a rclLMciice frame 
that we can pick up yom data base and use it at a cost of 
just a few dollars. When }Kople are using the same 
reference frame, they can start aciiiiitiiig data Uigethei. 
sharing the cost. 

ANDERSON: Thcie is a great deal id difleieuce in 
how vaiiabics arc inappcrl. For example, muiic ciuiiilies 
liave soil surveys tmly in minitnum niap|iiiig unMs ut (vio 
acres. It seems to me unnecessary to gel a laud use map 
d4mn |ti I hectare oi I acre to compaie it with soil 
suivey data at a iniiniimim mapping unit ol i>40acies. I 
do not tiutik enough atientiim is given in eolleeting data 
til what use Vtui intend to make ot it eaii to a 
lot of cost getting that extia detail and then have iUliei 
vailahles with wliieh ViUi want loctimpaie Ifi.rl have inu 
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been inuppcii at near that level of detail. In cucli ease* 
one needs to be very careful about compromising the 
level of detail. My second ptHiil is about the national 
land use data set or land cover mapping. One of the ardi 
principles, in my ttiinking« is that we must provide for 
llexibility in developing any kind of an approaeti to land 
cover mapping. We arc doing a standard land usc/Sand 
cover mapping effort with a minimum mapping unit of 
10 acres hi certain types of uses and cover and 40 acres 
in others. For example, the State of Florida, with whuh 
we have a 50-50 cost-sliaring coot)era;ive agreement, 
wanted additional categories of data that were not in the 
uses standard level catcgoiiw:: On a iUO-pcrccnt rebate 
basis, we are putting tlu>sc data onto a map referenced 
to the Level II categories. For example, we are breaking 
out mangrove, which is very important in parts of 
Florida, and cypress. I would call these Level III type 
categories. In our cooperative agreen>cnt with the State 


of Georgia, we arc doing some mapping of city parks in 
the Atlanta region, which arc not really delineated In 
remote-sensing data sources. 
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S-8. Louisiana Comprehensive Planning 
Information System 

Patric k W, Rymfi and Pd Sc hmrtz^ 

Planners in Louisiana arc trying to move from a and, to the land and soil data, we arc adding the 
planning mode Into what we cull a service mode. We population and housing census data. In addition, we arc 
have been in the planning business, the research business, identifying the various ecoiionUc data on per capita 
and the library*butldlng bu^ncss for some time. Income and on other economic indicators that can be 
However, very few elected officials arc Interested in useful in relating to the overall system We have added 
developing a progressive library system. So, through this uncuiployincnt figures from communities and parishes in 
information program, we have tried to create a service the state. We liave a section about public assistance. We 
that people can use in their own planning and research, have added data In the area of development i>f public 
It is one of the first operational programs in the nation facilities, transportation lacilities, power facilities, and 
and we believe it is one of the best (table I ). education facilities. This will be usetui lor people 

This information program and system has many developing or making decisions within a particular 
components. Land use mapping is part of it. This is an parish. In fact, we find that commerce and industry are 
experimental effort with the U.S. Geological Survey to among our biggest users. Developers want to know about 
develop a statewide computcri/.cd land use mapping a parish or ctiunty when they move into it. 
program at a scale of 1:250000 that uses polygons to The key to this system is not the fact that we have 
identify land uses In Louisiana, employing the USGS different elements in the pri>gram but rather the mclluHl 
classification system. We have implemented this over the we arc using to actually operate the piogram called 
past 18 months, Tltc land us*; mapping program is the national informatiim processing system (NIPS). Tiiis 
basis for our information system. program, which originated with the Defense 

Last year, we entered into a ctjntrael with the Soil Department, has the unique capahililv of actually 
Conservation Service to add SCS soil data to our basic Interrelating and interfacing various forms of data among 
mapping program. These data will be digitized Into the various categories. We arc storing certain types of data, 
computer and completely integrated with the land use atul we are c^mstantly bleating other forms, 
data. Also, we arc now a census tape proces.slng ccnlcr, Titis infonnalion is not being fed unnecessarily into 
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iMir computci ; hi I'acI, we di» nol liiivc a computet*. Wo 
Kiuvc torthina) tics im4> the Loutsiuita Depart meiti ol' 
Hiishways' IBM 370-I5K coinpiiler ami the OrtWo t)( 
Inroriuation 5Joi vices* HimcywclL uiul wo will in tlic 
coming year add amuher lie-in to tlie Slate Police 
tliilvac. Our terminal has the capability of 
comimmicatiiig with all three. Actually, wc will {>c 
storing some inronmtion, and wc will l>e able to locate 
and have access to other types ol' inlonnation and to 
combine the various sources. Ion instance, if someone is 
hue res led in land use data, soil data, or per capita 
income, we can manipulule, analy/e, and run various 
statistical analyses on the program, creating various 
models to experiment with ditTereiU theories and to 
generate reports. For example, this inlormalion can 
compare one parish or county with othci-s, compare one 
region with others, and even compare certain areas. 

Wc have iir.erstatc inrorniaticm on the status of 
change in a particular parisli. Wc arc trying to get time 
series i>ii the inroniiation to indicate changes during ibc 
past 5 years, 10 yearr, el ccleia, when comparing one 
parish or one state with otlicrs. In the land use program 
and elsewlierc in the system, wc have created visual 
displays* and wc arc using SYM APS and various inctfuKis 
of creating ctMiipuicr-gciieralcd displays. Wi can retrieve 
tlic inlonnation, evaluate various alltmalivcs Ihnnigli 
(he models, and, we hope, eliminate much liuplication in 
building various ccomwnic models to caate u central 
system for use by various stale agencies in plamniig. For 
instance, when the Department of Highways Incomes 
involved in huilding a bridge or a notdi-south 
expressway, an ciiviromncntal impact statement is often 
required to determine the effects of such a project. The 
Department of Highways iteeds data in such areas as 
employment and coiiip.niy income. In fact, a stiitc 
agency must lake a comprehensive approach no mailer 
what Held or specialty it might be in. If it docs nol have 
this inhrrinaticni, the public will be at its doorstep. 

The ,Stalc Planning Office is trying to help oilier 
agencies that arc Ircgitiiung to seek on, assisiamc in 
accessing this data, Tiic governor signed I xeculivc Order 
27 it; Fehruary IW to create a imiroTm system of st;ite 
plaitniiig districts in l.oiiisiana. Oiii office has asked all 
stale agencies and cnconiaged all I cderal agencies to 
adopt llicse hnimdartes, particnlaily regarding tbnnal 
planning and data gailteiing. Wc had some tuobicms with 
implementattoii hum the Deparlmoiit of Highways and 
oilier manugcmenl agencies vv'.mse planning piograins 
overlap|Vd into diftcicnl distiiUs oi whose proiects 
involved only a portion of a ceilain planning divliict. 
1 hese a^,encics wcie concerned about the cost of 
expanding their pianniio' [>rogianis to include whole 


planning disliicts. There can be some iliffercntiatioii 
regarding the actual field operations of some agencies, 
but we arc anxious to have these agencies develop lltcir 
planning data and titfomiation pri>grums in ibc context 
of the II inform districts. UtnI'ormily will make flic 
intormation more usable fora police juror, a legislator, a 
governor, a congressman, or any tine else wlio bas to 
make a decision. These (icoplc arc not just interested in 
highways, for example, hut rather in how one program 
complements anolher. They must make budget iiig 
decisions based on the total scope of state or local 
govcrnmcni. The Slate Planning Ofllcc is trying to 
simplify this decisionmaking process. 

In the Department a\' Highways, a ma]*>r upcoming 
project is a iiorth-sonth expressway. This project 
requires land use data and soils data from varhius 
parislics. Wc are now providing this information. The 
superpori is another major project in Louisiana, and one 
important concern is the secondary impact of such an 
energy facility on scluHils. luispitals, roads, agriculliiral 
land, and community devehipment. This information is a 
[irerequisite to Coast Guard approval, and we arc 
providing data assistance in llicsc areas. The coasi.d /one 
maiiagenieiU program involves the task of dcdiiieating tlic 
boundaries of the coastal /one. We must begin dealing 
with I cdcral/Siato land, public ownersliip. Wc must also 
dclcniiinc the extent of community expansion and 
itevctopnicnl in the coastal ureas, and our land use 
program is the m.ijor thrust toward this end. 

Ill our present land use system we arc nol dealing 
with pliolograpUs. Tlie imagery that was dcvtdo|Xxl as 
part oW'WT pr«igram is classified as Defense Dcparlineiil 
photography. Tlic U.S. Geological Survey bas taken this 
photography, deiincated the vaiious land uses, and 
compuleri/ed it. We are using the map that was 
generated. 

As part ol the inlonnalional program, we are working 
with regional and hural planners across tlie stale to 
identify llie imist critical indicators. Wc have als 4 » held 
various oiHlie-job Iraiiiirig programs to provide 
instnictions on the use of our sy.stcin. Hvil defense and 
comprehensive planning agencies include this system as 
,ni integral part of their program. Ilic I ‘>75 Hood 
afiorded a unique oppoitiinily to use the com(niteti/cd 
land use mapping and the sitleliilc imagery fni 
o|K*iatioiial purposes. Ld Schwert/ will tel! you about 
oiir recent Hood luappiiig. 

Fat mentioned lire classillcalion system. 'Hie U.S(«S 
clas.sillcatioii system (table II >. is slightly dillercnl Irom 
the I ‘>7 1 version. 'I he only dillereiice is category b. 
wetlands. Ibevifuisiy it was ciasstricd only as nonlorested 
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TABLli n. LAND USH CLASSIFICATION SYSTF-M FOR USE WITH REMOTE SENSOR DATA 


Level 1 

Level 11 

1 . Urban and built*up land 

1 1 . Residential 

12. Commercial and services 

13. Industrial 

14. Extractive 

15. Transportation, communications, and utilities 

16. Institutional 

1 1 , Strip and clustered settlement 

18. Mixed 

19. Open and other 

2. Agricultural land 

21 . Cropland and pasture 

22. Orchards, groves, busli fruits, vineyards, 

horticultural areas 

23. Feeding operations 

24. Other 

3. Rangeland 

31. Grass 

32. Savannas (palmetto prairies) 

33. Chaparral 

34. Desert shrub 

4. Forest land 

41. Deciduous 

42. Evergreen (coniferous and other) 

43. Mixed 

S. Water 

5 1 . Streams and waterways 

52. Lukes 

53. Reservoirs 

54. Bays and estuaries 

55. Other 

6. Wetland 

(>l. I'orested 
(i2. Noiiforcsied 

7. Barren land 

71. Salt flats 

72. Beaches 

7.1. S;itul other than beaches 
74 Bare expirsed rrjck 
75. Other 
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wetlands, 1)111 it is now broken down into tore: ted ami 
iionl'orested wetlands. Tliere was a comment made 
earlier (hut the USDI classhlealion system did not 
permit Identitkation o!' wetlands categories, specitlcally, 
swamp and mar.sh. However, we do have Ibis capability. 
Tbc entire state, 50 000 sc|Uure statute miles. Inis 
complete land use mapping using polygon digiii/Jng 
lechnkpics. Since we hud this capability and the land use 
data, and since we knew tlial USGS and various others iii 
1973 had done some Hood mapping from siilclliic 
imagery, I tlunigld of the possibility, on April 5. 1975, 
of taking the land use intbrmatlon from the LUDA 
program and combining it with the Landsat data to 
provide Hood information on land use type acreages by 
parish and aggregate it to the state total for the purpose 
of disaster declarations. Tiicrcfore, wc asked (iovernor 
Ud wards if lie would like to pursue this. He did, and on 
April K he sen' a letter to tlie administrator of NASA, 
Dr. Nctcher. The NASA agreed to attempt to provide 
the satellite imagery within hours after tlic passes 
over Louisiana. The NASA people were a bit pcssimistii; 
about their ability to deliver in that lime frame, because 
il liad never been done Ik t ore. The i ec|ucsi from 
Governor Hdwards was the first of its kind lot 
emoigcncydyjK information. They decided to give il a 
try. and they did an excellent job: wc got tne 
information in 36 hours. 

Once we received the iiironnalion. wc used an 
elect ronic digitl/.ing planimclcr (fig. 1) \o measure 
acreages hn those po1yg<ms iu»t completely Hooded. 
I'iguie 2 is llic Laiulsat image taken April 15 of the 
Baton Kougc^Ncw Orleans area. It is cloud free. We saw 
gray areas lliat were Hooded. Tlie imagery was enlarged 
to a sc.ilc of 1 :25U (KK). which is our basic mapping scale 
of the land use maps. We used visual mapping teclmli|ues 
to delineate Hood areas by taking out dark areas. Then 
wc merged our Sami use maps with the Hood maps (o 
obtain acreage tabulations. 

The Alexandria area is visible in liguie 3. taken 
April 2(>. Despite consideiahlo cloudiness, wc could see 
some black areas where extensive llotHling was occuniii^ 
around Avoyelles, ('alalioula, and ronemdia Parishes, 
l iguie 4 is a l.ind use map id Avoyelles Parish lakcn 
horn the 1 :2.M)(XM) Mylar overlays. It slu>ws the vaihms 
polygons we luive mentitmed. I igiire 5 ilhisl rales the 
Hooded aieas in Aviwclles Parisli. In figure the dark 
areas, identical U* the Htnitl areas in lieuie 5. have been 



t igiiro I. t:lcctrunic lUgiti/ing plaiiimctcr at tlie t.ROS 
Appiiealioiis Assislaitce taeility at Hay Si. Louis, 
Mississippi. 


merged with the land use map of tigurc 4. Wc took the 
pidygons that were floiHled and referred to our 
eomputer puncheards Urr data about the number i^r 
acres in each polygon. We had some (lidygiins that we 
ctHild pull automat ieally. and we created new pidygtrns. 
using the electronic digit i/htg planimcter. where they 
were not complete polygons in the system. In Avoyelles 
Parish. 35.5 percent of the land was Hiunlcd. In 
C*alalunila. 45.R percent was Hooded: and in ( oiieordia, 
the iKiccnlagc was 45. I'ignre 7 is tlie final product r>f 
lltHul mapping in ('oiieordia Parish. 

There was Hooding in 27 parishe.s for a total ot 
I 1 IK I9| acres. 'Lable III shows the land use categories 
and the amount Hooded. Wc validated the llmrd maps 
with ('oo|Kiative l:\iension Service county ugenls, who 
estimated that 1 I 22 (KM) acres were Ihroded. This tigurc 
was ipiite comparable, so ihc agents were asked to 
validate the Hood maps. L'niargement of the satellite 
images cost an estimated 5201). I iglif man-days weie 
leipiired to do the work, and the total cost ot the 
pitfjeci was S7(K). The into, inal ion is being used m oui 
leipie't toi mainr disaster designation. We believe that it 
will stand up in coml. TIk l edcial Disaster Assistance 
Timiii w.micd to know where the tloodwalers had k*on. 
riic lh»od maps were used toceitily (iovotnor 1 dwaids' 
disaster ret|ucM , With this teclmirjue, we knew whcic the 
tloodwateis stoiul at the time o! the crest. 
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TABLE III. FLOODED AREAS IDENTIFIED BY LAND USE AND PARISH 
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TABLE III. - Continued 



Total area i n parislt \ 24 4QT\ 3802 1 28 760 | 1 1 923 | ^87 | 431J ^ 

^CIi>uJy oMidiiions made dclinealion o!‘ Hooded areas difficull. In areas completely covered by clouds, no delineations were possible. 
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DISCUSSION 

SiZER: Whiil is llic ucccsK lo the sysieni? Dit those 
pei»|>)e will) w;nil to use the system have ready access tti 
It? l)i> they come thrmi^h your at*ency? 

RYAN: Tliey ctmie to the State Pla»niii^» Ol'tlci and 
actually request mii land use maps. We have told them 
that the maps are of little value, )^ut of the 

program is the computer system. The key iHunt to 
remcmhor in servicing any agency Is to know its specific 
needs. We have U) know what tlic iiiformatlon is lo be 
used for so that pertinent inforinalioii can be purvided. 
The consuilaiils in mu office are very familiar with this 
program. We have had some problems with considtauls 
doing work for other stale agencies. Rather than pr(*vide 
our information to the consultant, we ask tne state 
agency lr> request that the information be provided to 
the coiistdtanl. This protects the state agency from being 
charged fics ti) have information collected when this 
information is available without charge. 

SPEAKER: IX> you have any fees at all? 

RYAN: Right nmv. we do not. It is diftlcult to 
determine how ti> provide this information witluuil 
putting ourselves ont td' business. 

SIZER: We found liIso in Minnesota that wc can 
identify water m vvet areas quite effectively with this. 
Did you have any aerial pluUography taken at the s:imo 
lime? In Minnesota, usually, iit high llood limes, the 
(‘orps t»f Imgineers or i>thei I’cdeial agencies itial lly will 
iiave photography. 1 was wondering if any lui.l any for 
cmnpaiative purposes. 

SCHWERl'Z: There were some photographs llmvn. 
classiiied phoiogiaphy by the Department of Delcnse 
fm llic CiUj>s tif l:nginccis. I have not seen that 
p1u»lography. but wc did field checking at the same time 
I lie s;iiellitc was passing oveihcad so that we could it 
nccessaiy con elate some vU oui known IlmKlcd areas to 
tiro itnageiy. As it mined out. wc did not need the 
coiielalitMi. Ihe a:eas that we could not deiliiilety say 
wcie llmulcd vveie not inehided. 

SPEAKER: What did ymi figure yotii rlegtee of 
aeeuiaey was.^ 

StilWERTZ: We woie not able !♦» eslablisli that. 
Ilowcvei. based on tlie veritieaiion by eoimi\ agents and 
the fact that ilieii figuies dilfeied In oid\ hUMlacies. I 
would ihiiik that we weie oinsidei.thiN .Kcui.ite. 

SPEAKER: Aic you a planning ciMudinatoi i»t are 
yon ;lie plamimg agency * Do yon set iiolh p.nameleis 
for lhesi‘ siihslale dish ids'* 

RY AN: Yes. oui ohKv h a lecbnicat si;iM : we .no an 
:nin ol ll»e ;»oveinoi\ otikv. WV get involved in 
eooidinatioii. At le i>l we say wv did I hat. but I nevei 


could figure out what cooullnalhm actually was, so we 
have simplified It stmiewliat. If we can know what goes 
into these planning efforts, like laud use data, sol! data, 
and txipulation projections, then we can establish 
common denominators and gel the pirrfesslonals to agree 
on the indicators and standards u> he applied. In this 
inanner, everyone wmild not he going off in different 
directions, 

SPEAKER: lint once you agree on the standards of 
this kind of infonuation, llien you will somehow get 
that data base tilled with data like social, economic, or 
for an cMviioimiLMital impact statement? 

RYAN: P. J. Mills or the Depailiueiit of lligliways 
can do that. We provide the iiiformalioii. 

SPEAKER: Do you have ecoiuMnetric moilels that 
this somehow feeds back into? 

RYAN: We’ve been looking at those. In fact, -be 
Department of ('onset valion. Division of l-nergy and 
Natural Resouiees. is working with those now. At Miis 
time, wc have Dr. l-icd Wrighton working on 
econometric uukIcIs. Wc have iicavy uniVLrsity 
involvement in our piogiams. We have contracts now 
with four stale universities. l:d Scliwert/. is under one oi 
these eoniracis. Abmit half ofoui slat fare employees of 
Louisiana .Stale I'liiveisity working full lime at the Stale 
Planning Office. Di. Wrighton \w4ks on economic 
development. 

SPEAKER: You mentioned tiuil you odiect data hy 
census tract. And I presume that economic data are 
included. 

RYAN: I think there is a great deal of dilleienee 
between eeononiie data and ee<momelric models. Wc are 
adding this iiifonnation into ihe eompulei by census 
trut. along with intoimution im jmpidatimi. housing, 
per capita income, and so on. It it is available mdy at the 
parish level, we have to slop theie. 

SPEAKER: The next queslhm alsi» lelales to that 
basic tnlormalion system. Wlial about wcltaic 
inlormanon? I pivsiime ihcic are Iceal eonslrainls on 
accessing some of tluise data files. 

RYAN: Yes. Iliere are icsliaints. Ilioie are dead ends. 
Whellier it Iv census int«ninatinn on a business 
huliealor. or revenue dala. oi wellare data, we can’t 
identify any individual *n allow indirect klenliticaliim. 
where it is veiy obvious lhai the iiiloimation relates to 
i»nly one indivlthial. one very small client. We get ibcii 
programs ai»d o\w poruiains togethei by aiea. 

SPEAKER: It I wanted to build a pipeline, atiil I 
came to Vi Ml and said. “I ook. I want u% avoid marsh ainl 
wetlands. I waul to go IhoMigh Uilrait areas tti a ectlain 
density level. I want tt» avtml seisinu iisks .nid I rio not 
want to cioss tiveis ovf‘i HHI leet nr wnlth. t an von 
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provide ilijs lypc of jnfoini.itioM for me, o|>timi/.jiu* luv 
iillcriiaiivcs?’* 

RYAN: I would say yes. lid mliilit have u eoininent 
on rhai. || wmild lake some juogiimiing lo do ilui 
MK'eineally. Dul, I would say that i( could he dime. Lei 
iwc menlion (hat this is something particularly 
interesting in corridor development, liighway.s. or 
whatever you might have. If yon were interested in a 
highway, yon could digiti/.e a line in a computer and ask 
for a feedback r*l all ty|ws of infornuition yon syaiit in 
that corridor. It woidd give you the acre:ige of these soils 
or land use acreages. And this is really the key in project 
planning, whether it is a pipeline or whatever. 

SCHWERTZ: Yoo nentioned streams at a maximum 
ol 100 teet: this iiifnrinatiou is limited by (lie 
s|K-ciricalions of the program. We would he able to gel 
the intorinalioii you wanted only on water bodies that 
were at least WiO feel in width. 

SPEAKER: To what kind of geographic miil do you 
aggiegate yoiir data.' By lliis, I mean your census data, 
census tract and census block i.ifomialion. On a 
statewide basis, vvluil unit do you use lo retrieve your 
iuformuliiiii'.' 

SCHWERTZ: We have statewide bases. We have stale 
and suhsiale plamiing districts. Wc have the river basins 
deliiicalcd by the Waicr Resource ('ouneil. We have ilie 
Census eoiinly subdivisions. 

SPEAKER: So. you liave a whole series of 
corresponding tables that |H)inl lo each one oftheso. In 
I.OS Angeles, we have had prolilems in polygon overlay, 
data liaiulling. How did you insert ymn Hood plain data, 
tor example, into iliese different units'.’ Did you have a 
base iiiiii to all of them'.’ 

SCHWERTZ: We digili/od by polygon. Howevei. wc 
do not access by polygon: we access by cells. We jnil a 
inalbemalieal grid into the ss siein that ineiges with the 
inilygoii digitized data. At the present lime, we are 
accessing by l-kilomelei eellsCd?.! aeresi. The USliS 
or I.DDA pii^iam is developing a Vaiiable giid size cell 
program. I oi example. >im can access by 1(1 .leies 40 
acies. Ol wlialevei yon want. I oi soils, we will aeci-ssbv 
<»4() ICS. 

SPI{AKIiR: I ihiiik ific J.n;i h(*liinu» up in is 

uolnii lo Iv ilio lliMl icsl on » .,| Uns iiilxrmi;Uion 

pthciin^. (Vi(;tiiily in ihc cnviioimK'ii(:il M\\. Do you 
Hiui IIkiI >ou Iuvc compcIHion vvirhin ific sUilc! in 
piovuirnu ilicsc’ sci vices. oi luvo ym moiv oi tc^s j’ollcn 
ovcliisivc jni I' hIk liofi in pioviffini.* this kiiui ol pknininc. 
inloiiiMiion'* 

RYAN: flicic ccii.im!) some oMiipctiinm. in 

loniM.m.t. oticrc' is rlic Uiv iliin^. Ihcv will hm|^ot 

tnillion lo tio Muih' iMi.ii.tc .ii II. II I 

Iiikv X\||| nilw' 


nuiiiy consiihintis lo do ihc work who will sc;iMcr oiii 
;iiul ovciiap in ihcir wmk. Wc arc fryiii)ji lo cul that 
down. Tlic more people who know this inldnmition is 
availahtc the more will come lo us, And il is an 
tidncalioiuil lliing. Von have lo develop credibil if y wlien 
you arc in (he planning business. ! ibink Ibal is ilie key 
|xnni. As lime noes on. stale agencies are inti goinj* lo 
conirad for iiirormalion with a consiillani. because iney 
can gel Ihe s;une itirormaiion from us al no cosi. We 
would like to see Ibese agencies hire a consullaiu lo do a 
lit lie thinking, a linle analysis, raiher ihan hiriniii 
consuliaiiis to ^lo out and do so much nuinbcr business 
because tbaTs free. Ibii they must know ii is ibcie. 

FREDEN: Stan J reden. (ioddard Space l‘li) 5 hi 
C Ciller. As you ackiimvicdped. wc made special cITorl lo 
|jc( the flood data lt» you in My hours, and I noticed you 
did Ihc classificalion oii ii. How is llial classilied 
inlormalion used? In other words, whal jck|uircment.s 
were lliere and whal dul yon do wilh the data tiuil 
rcquireil us lo ^e( it \o yim in lhal type of lime scale? 

SCHWERTZ: The reason wc wanicd (he iiifornialiou 
in lliul kind «)l time scale is m lhal wc ctuild jici ihc 
inlormalion to Hie L.ROS Applicalioiis Assislaiico 
l*itcifhy over at the Nalituial .Space 1cclino|oi»y 
Lahoralovics (NSTlJ to niaiiipulaic Ihc data. In oilier 
words, intcrprcl il and Ihcn tiel it inh> the lumds ofihc 
couiKy agents Itn use in their work in ilio disaslei 
declaration ici|ucsf lhal wc have made. We goi the 
intorinalioii in ihe hands of our people al our olTice 
where they prepared maps lor Ihe various parishes. This 
was turned twer lo rlie ('oopcralive r.Mension Service 
and then the very next day seni lo them for use in ihe 
field. Micy verified this and il is now heiii^ useil lor the 
major disaster declaration. Il is very useful. They hoi>e 
to use It in icnns of economic piojeclioiis. economic 
iinpaci loss, and so foiili. 

FREDEN: Why was Ihe .U> hours iet|uiivd? ('ouldifi 
lliat have lK‘en done weeks laiei. just as well? 

SCHWERTZ: Tlie lederal disaslei team will come 
down lo I nuisiaua when wc li:ive a disaslei. amt I think 
Ibis type n\ irifnrmaliou is veiy uscliil \n them. In Hie 
past, il has taken ahotu 4 or 5 moiiihs lo do (his. The 
uovcnioi Is involved in makinc decisions on how 
si^:fiiticanl liie losses ;uo loi a parliculai aiea. What is the 
value'* Wtial's the type ot land use * I Hiink lhal wlien 
you liave a il!s;!>«er i! yon have ovvi a million .kios of 
land lhal is ITouded decisjonm.ikeis have lo addiess 
ihese issues willi Hiis ty|K* ol lulofnialiim eaily. Tlic 
t|iiickei I lies can eel j|. (he iiioie sieniticaiil il i.s lo Hieiii 
and lo Hie people in Hie Male. It you aie livinj: lo 
impiess Ihe IScsideni ol Hie Diiiled Slates with a 
pioriiein. you must hit him with it i|imk. Non caifl |UM 




H;iy, I'm giving in conic on in llicrc nhout 4 

immtliK Vioin imw." 

SPEAKER: Wluil itccislons were imiile bused on lliui 
hitornullon? 

RYAN: I would s;iy the decisions on the signillcunce 
und the vuhie til' Hooded ugiicuUnre land and llie 
signincanl value of the residential area involved: How 
bad is H? 

BANKSTON: l<ct me also res|Knul to that ituestlon 
because I was another cohort in iliis. We had the s;imc 
cimeerns, hut a dilTeienl oiw as well. At the lime the 
rcc|ucsl was made, the Uivci b'hiod l‘orccas1 Center was 
rovecasting that the crest would exceed the crest. 
At the s;uiic lime, we iiad this big snowpack ibal was 
melting. And it looked at that point as if there would lie 
a long, high Hood. Our problem in Mississippi, and I 
suppose I bey have a similar problem in Arkuiis;is, was 
drainage, backwater Hooding, and Hie danger of 
blowouts of the levee system. As it turned out. the 


snowpack, fortnnalely, dissipated over the spring peril kI 
instead of suddenly melting. We were afraid because of 
the condition of the levees. In addition, we warned to 
know what roads were hciiig cm off, et cetera. 

RYAN: I might nieniion one other thing. On the 
Morgan/a Idoodway and the IIoiiikU (*arre Spillway, the 
Corps of Engineers was Involved in linking decisions 
over a period of a nioiuh about whether or not to open 
them. Any time the Hocnlways are opened, very severe 
damage to Hsh and shrimp production and so fotih is 
caused. People all across the country don't reu!i/c that 
Louisiana Hushes out 42 |Krcent of the nation's 
Hoodwater. Morgan/a .Spillway was hiiill to keep the 
levee Iron I collapsing. 

SPEAKER: I low long docs it take you to out line 
Hood data alter you receive It? 

SCHWERTZ: It took us approximately I lumi |>cr 
scone. There were 8 scones or H hours of inieipictaiion. 
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S-9. Remote Sensing in Minnesota: 
Evaluation of Programs and Current Needs 

J. E. SKe/* 


Rcn)otc*scn!itnts uiiitcriuls have actually been used for 
some time as aids to plaL.icrs, decisionmakers, resource 
managers, and the like. However, in many instances, the 
avaitable material has been quite scattered and somewhat 
sparse. The Minnesota State Planning Agency works with 
vaiious state agencies to help coordinate the planning. 
One of our initial problems was the lack of consistent 
and accurate data, which are not available in most states. 
Wc have a lot of data, but the consistency, the 
reliability, and the accessibility leave much to be desired. 
Wc thought wc needed a working system that would 
encourage people to reorganize the way they kept their 
data. And, with *hat in mind, wc certainly tiuuiglit wc 
needed a single source of information, a data element, 
that we could use to begin establishing a statewide 
system. 

In l%9, wc acquired aerial photographs of tlic entire 
state. Wc made interpretations of those photographs, 
believing that would then have some information at a 
known level of consistency to put into the system. Wc 
have since begun developing inftrrmation on geomorphic 
regions, land ownership, forest cover, srnls, geology, and 
two other items that arc changeable: land classification 
and land capability. 

iMgurc I is an example of a hhieUiv? that wc use to 
make these interpretations. These bluet incs were 
enlarged from the scale ot 1 :90000, at which they were 
oiiginally thuvii, to a scale of 1 :24 000. In the 4 years 
that bludiiics have bccMi available, approximately (».. 0(H) 
separate prints have been distvihiitcd in state agencies. 
Wc charge only for the cost of the papei, ahom 25 cents 
per quad. They are lectified to quad si/c. 

Wc leali/cd there was a need to get users involved 
caily in the pio»cci, hut wc decided wc conk! not work 
with detailed information about the entire state. Instead, 
wc started winking v.ith the northeast area of the slate 
and with one county in that area. We have divided 
Minnesota into i.t diffcreiM regions, and v . are working 


a region at a time to input information on ownership, 
forest cover, soils, geology, and so forth. By using this 
method, wc can work with the regional people, the local 
units of government, which arc going to be the major 
users of some of this information. The state agencies 
that arc regionalized arc also using information at that 
level. 

We iroted that there are many data sources and that 
the cost of acquiring this type of information was fairly 
high. The aerial photographs that wc initially purchased 
cost SI 20 000 for the entire state. If wc were to 
duplicate that now, the price wo lid be more than 
S400 000. Wc liumght wc needed some way of adding to 
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and u|xlatinj5 the system. We investigated Landsat 
imagery to see what kind of information was available 
and what we ctudd use. We found that mi the aerials, we 
were able io interpret water; we were able to do the 
same tl;ing with Landsat imagery. We were able to 
idcnlify forested areas; we were able to do the same 
thing with Landsat information. Major roads, plowed 
fields, vcgoiaiivc cover, and general land use information 
could be identified on both the aerial and Landsat 
imagery. However, when it came to soil types, 
gcomorphic regions, fi^rcst types, detailed land use. 
separating vegetathm cover, and topographic updates, we 
found that we still needed greater detail. We find that we 
can use these Landsat products Uy update a good many 
things, but we cannot use them as broadly as we had 
hoped that we could. 

Rguic 2 shows a soils map that was liand drawn with 
a good deal of labor and effort. We were looking for a 
more rapid way of producing this information. The soils 
jrcopic will use one kind trf coverage and the geologic 
pcirplc may use another, prmlucing maps at various 
scales and not necessarily covering the area in which the 
decisionmaker is interested. A firm in Minnesota lias a 
machine called a Dianned that we thougtil might he 
interesting to try. Figure 3 shows tho same soils 
information produced with the Dicomed The 
interpretations by the soils people were put into the 
system, and all v/e were diung was rapidly printing it 
out. The data for this map were input by 40*acre cells. 
We could call out the information by cells tt> make 
ct>mparisons Iretween gciigrapliic areas. Tiic cost ol 
preparing this map and producing 1000 copies was SI71 . 
So, we decided that, at that rate, wo could use this 
particular technique when wo needed to furnish 
information quickly. Figure 4 is an example ol geologic 
regions mapped by the same puKcss. 

Figure 5 is ati example of the output from our system 
and Tcflecls land use in Itasca County, one ol the 
counties we arc working with to gel detailed 
inlonnaliim. The while spots are dcvclopmei.ts. 
primarily cabins aiotind lakes. The Iremetuloiis 
development pressures arc apparent, and this is the tyiv 
oi‘ inlormalion plannets need to know as I hey considci 
what action they may have to lake. Figure (> is a 
iiand-pioduced map showing tores! cover in Itasca 
Couniy. and figure 7 shows the same inlomialion 
prtuluced witli a Dicomed. Both arc rcadahle. hut the 
Dicomed pnulo. i is much cheaper and faster to produce. 

Public land owneiship in Itasca (‘ounty is shovvn in 
the Dicomed product iit figure K. I he colored areas arc 
lands owttcd by local, stale, or Federal agencies. As yt»u 


can see by the pattern, a great deal of land in this 
county is not privately owned. And even some ol the 
rcstmrcc people themselves arc not aware ot the 
ownership paticrns that exist until they see a map like 
this. We ask tlicin: “How do ytm manage those lorcst 
lands? D«> you guys meet every morning and discuss 
where yr)u arc going to be that day? ' Understanding the 
pattern becomes very important in land sales, exchanges, 
or acquisition. Consistency in management plans among 
the several agencies that have the responsibilities is 
important. Minnesota has approximately 13 million 
acres owned or controlled by a governmental unit at 
some level. 

Figure 9 is an example of a printout taken directly 
from a tape, showing the kind of features that can be 
identified from this imagery. This printout operation 
takes only a few hours. 

We find now that we have a good deal of information 
available, and we are developing new techniques for 
making it more accessible to more jKoplc and for getting 
people more involved in its use. The present organization 
involves the State of Minnesota, the planning agency, 
several resource agencies, the pollution contTrd pc<rplc. 
the DcpartiiKnt of Natural Resources, and the Highway 
Department. 

In summary, one of the problems we have had is the 
varying reliability of regular inlormation that is 
available. We need a reliable data base and we tlunk mu 
resource |Koplc need it. We have not received what we 
consider io be giHHl systems assistance from the Federal 
Government in litis area, and we would like to icccivc 
beucr assistance. We need this assistance to develop a 
cmninon base, and we think tliat probably all slates 
would like to have a common base from which to 
operate. 

We thought that the WH-57 airaaft covet;ige was very 
go«Hi but limitcil. We asked fm more coverage fm the 
State of Minnesota and also coverage for VVisconsin aiul 
upper Michigan, so that we could make cmupaiisons 
between the slates. We were unable to gel that coverage. 
Obviously, there is a problem here of who is responsible 
for paying. I asked lor IuikIs to acquire aeiial 
pluiiogiaplis again and the legislature gave me SI 50 (MM). 
\ caimot get the aerial phoiogiaphs tor SI SO OOO imless I 
c:m gel otheis to participate in a ei>opciati\e piogmm. It 
seveial states ouild get tngelhei with the Federal 
(kweinment. it is possible we could get good 
pbotogiaphie covciage with the iiinds available. We 
think we have made a good start, hut we have a hnig way 
to go and we all need to ciurpeiate inoie in the tutuie. 
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A printcHil map made directly ln»m a tape. Holli lakes atul iitban areas appear blue. The lines are major hipbways. 


DISCUSSION 

HARDY: In New York Stale, we have never been 
very suecesslul in pulling any jircat amount oi laiul 
ownership into a retrieval sysleni. The ccrsl is lu^h ami 
the aimnml «>!' use is liiniled because, usually, the 
agencies and people who tiwn llie land already kmnv 
they own it. It is not really new inrorinaiiim. 

SIZER: Most ot the land in Minnesota is lire 
responsibility ot I lie lX*pai linent ot Natural Kestuirccs. 
The problem is lliat its stall canmit cllectively display 
the iocatii»ns oi ibat irwuersiiip. So, altbougb they know 
where it is. they camtoi hn»k at it in a way ilial will help 
tliein start making judgments. Ihitil the ownership 
paltein is known, it is diMiailt to disetiss meaningtul 
managenicril progmnis. When we get intonnaiim) lM>m 
I atulsal, we cannot apply it tt» the responsihle 
oniani/ation, because we douot know wliieli aeeiKvlias 


the resp'mslhiliiy in that particular problem area. We are 
trying to pull that iiirormation togcllim. particularly 
that involving the public’seelor land. In Miiniesota, the 
tVpartnient ot' Administration has a responsibility to 
maintain an inveiitmy ot all slate-owned lands. Those 
})cv>|de scratch iheir beads and say, “How d»r we do 
that*?** 

SPEAKER: I would guess that piobably most 
planning decisions arc inade with inldiiualion that is no 
more Ilian M) to *H5 peicetil accurate, it we could 
imMsuic any accinacy level at all. I see stune heads 
nodding in agiceincnt t onscqucnily. how far do yo.u 
think we need to go in terms ol aceuiaey'^ NVe eaiuiol 
at f oul to go to 100 iKMcciil: that is iai tt;o expensive Is 
85. on. u5 percent an adeipiate rale ol accniacy ' 

SIZER: As a planner. I think this range would he 
extremely adci|uale. The teal i>T*rhlcin is knowing how 
adeijuate it is I don't think it is a mailer oi percent 


MU 



iirKStwrccmJtisImporlaiiMlutlkiiowwIU^^^ of five residential units mukes It more rcHidcnliid 

will know what kind of deeisums J tan ic-imahls make oriented than forest oriented. And so the decision is 

with the inf4}rination. I need to know how reliahle it Is. made to call it residential. That is why you always need 

how often It was ii|jdutcd. and what the potential is for clear ledgers, chronicling what you have dime and why, 

cii’iii. We were putting things at three levels: 2.5 acres, so that pciiple *can g<i buck and make additional 

40 acrc.s, and 10 meters. The informaliim i>n soils that is hitcrprclutiims if they wish, 

at 40 acre.s, ior example, we kmrw is accurate at SPEAKER: We have had some experience (rying to 

somewhere between ?U0 and 600 acres. So, even though relate Dicomed outputs to |Ko|>(c who arc nmre 

It ha^ iiecn input at 40. we kntiw that the level of accustomed to a map that records points and highways. 

uccmaLy is not 40 acres but, rather. 200 acres to a Wliat is your experience u?ing a compiiter^gcneruted 

section: it depends on where tliat soils interpretation was type of map? 

done. In certain areas of the state, we know that soils arc SIZER: We are still wonderi:ig how It is ginng to 
pretty consistent; therefore, llic 40 acres may be c|iiiic work. We have lurt had a diance io put the Dicomed 

accurate. So it is really a matter ofknowing the state. material into the hands of the users. Users can 

SPEAKER: Tlieic arc two types of accuracy in understand and work with the hand^etdored maps. They 

resource inventories. One is cartographic accuracy: the arc using the normal im\y& they get, the soils map or the 

other is interpretation accuracy. Ilavc you been able to geologic topographies. When (hey receive something a 

separate tiuw out of your resource inputs? little different, it might take a little lime, but the color 

SIZER: Tiic cartographic accuracy is going to be separations are so dean lhat we ho|>e some o\' the 

limited by the cell size being used. We can print out to resource people will smm begin adapting. Whether this is 

about I ac*‘c. The prttblein again is the interpretive the best hardware to asc or whether we should use some 

accuracy of (he I acre. The other real problem is the other machine. I just don’t know. But. it is not too 

geocttding (edini(,|uc. II yon are using UTM, or the expensive and the time roipiired to produce a map is 
40‘acro, or longitude and latitude, your accuracy ruuits very small. 

are deteriiuned to some extent by wliai you arc using. STEWART: I have yet to hear aiiylnnly explain how 
We are trying to develop the capability of moving ffom to get this information into the hands of the 

the universal transverse Mercator to the Miller cylindrical county ‘level government officials, who are going to be 
projection because we want to get the census making decisions on where lo grant variances in the 

inlmmati*»n into lhat as well as the physical i.ifornialion flood plain, and lo the city planners and planning 

that has been collected In another system. Some commissions, who are going lo be deciding the uses lor 

inlorination is accurate only lo (he county : for example, these 40-acre tracts. I don't have access to any of this 

population inlormathm. information, ( an those of us on (he local level get it? 

SPEAKER. You are assuming that those dO-acre cells SIZER: In Minnesota, we are working with the 
are untlorm; hui if you acciinmlaic llmsc cells on a regions, one at a lime, and with the iiidividiiat erninties 

statewide basis, how imicli variation are you getting? within that regitm. So, as we build up the inlormuiion 

SIZER: We are getting smiie varlathm. Mie problem for llieir area, local officials are being laiighi fn>w to 
that plagues us is that, where we have overlaps, we have access the system. Region .T Ihe one that we are just 

to sit down and make a decision. We decide where we finishing, has a terminal now. so |KH»ple there can access 

think the line ought to gii and thcrclorc what the main information source at the university al St. Paul, 
iiitonnation should go Into the cell. When we place ;ill They can retrieve information, they can add 

these things on what should he a grid ami they rio noi information, and they can make analyses and call things 

I'll, we imisl sqnce/e (hem logcllier just a little hit. And. mil. The only way is lo acliially work with the local 

that is when we have lf» make additimial intcrpietatimis. planners amt decisionmakers. Il we iricd to do it any 

An inlerpielatioii was made ai one time for a given area, oilier way. It would not work, because they would leject 

and il dots mu lit. It is simply a rnarici of trying to the idea as heing loo sophisticated Itu them, allhough it 

coireci tor ernns lhat weie made in the original land really isn'l so complicaleu, Il lakes longer to develop (lie 

^^**^^*> sysicin this way. but we have a user Inise when we get 

SPEAKER. Ill that land use invenlory. storing the Ifiriaigh. 
land vise tor every 40 acies. dit Von lose ill tomutitm? SPEAKER: l>i» you then hold piihik nieetmes iuid 

SIZER: Yes. I or example, ft ,i 4()-acie had has five get additional iiilorinatioti liom lliecniiriiy levelv' 
hinises oi mcire.it uecoinesreNideiiiiaL The test ciiuldh^^ SI/EK: We are acUiallv hiking some cU tlie 
hnesied. hut the decision js made that Ihe tiltimate use iiitcnmatum troni the icmniy itself. 
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S-10. Remote Sensing In the State of Ohio 

I. PUBLIC POLICY 

Paul (ioeslms^ 


Toiluy, I have iny bureaucratic hat oik and il sioincor 
you question that Tin really a burcaiicrul, I have a hole 
in the bottom of my shoe that indicates I'm overworked 
and underpaid. If it seems strange to liavc somebody 
here from the Department of Economic and Community 
Development and somebody from the Department of 
Natural Resources making a joint presentation, it's really 
f] because we don't trust each other alone. 

in Ohio, wc have 16 major metropolitan ureas while 
I 80 percent of our gross state product is generated by 

agriculture. We have an Appalachian region covering 28 
counties which have been strip mined, mil migrated, and 
finally resurrected as an example of what bureaucrats 
can accomplish. We huv some of tlie richest tarm area in 
the country augmented by urban areas that are either in 
an advanced state of decline or in an extremely healthy 
state. In Ohio, wo iiave roughly 10 million [K'ople and a i 
Sll billion bieniiial budget. In short, we have a great 
deal of work to do. whicn is why wc work together. 

The history of involve :icnt by the Department of 
Economic and Community Development in remote 
sensing began with a no-cost Skylab contract in which 
we contributed S7000 to see what would hap|vn. Wc 
did find some iiUcrcstiiig results. This was followed by a 
Landsat investigation, and now wc arc engaged in a 
followmn. The orientation of our department has always 
been as a user. We have been primarily interested in 
getting other people who might potentially be 
consumers involved with remote-sensing applications. 

Strictly from the viewpoint of a slate agency, a 
successful rcinole-sensing program dc|KMids most 
importantly upon the user cominilment. In our 
depart nienl, we had to gel wnne personnel wIm> 
understood the technological aqiccts of remote sensing. 
We had gcticrate some addittoual funds, either by 
cutting out programs tor which wc had low piiuiily or 
by using whatever fumls we had in the appiopi iatioii to 
get sitine additional suppiut. Wc have had to invest 
considerable managerial lime to make sure that things fit 


together us they siumld. And finally, wc have had to 
maintain a constant orientation lowW plications. Wc 
have not been provided the luxury ot cxaiiiin; ''; tlie 
long-range aspects of remotely sensed ikita. hu* instead 
have had to locus upon immediate appikaii,,: - *v . ausc 
wc generally have an impalietu 'rliciitclc. 

Some manageri * oik: we have idei.iified as 

being extresn.ly cr*»ci'*» to nir rcmote-scnsliig program 
in Ohio arc as fuiiows. 

The program, must be interagency. Wc have no ovnall 
coordinating state planning agency and we must work 
together and must seek eacii otluT out. I believe we 
succcsaifully accomplished this on mir owr initiative 
without anybody imposing that upon ns. v/e have 
certainly addressed ourselves to the intergovcrmiuntal 
aspects. 1 think intci governmental appticj(i<ms arc 
retlec'cd in all our work. Wc certandy have constantly 
tried to demonstrate a potential icturn without 
overstating the piogrcs.. and capability. We find, when 
wo try to solicit consumers and get thetn involved, it is 
very v'asy to overstate what can be done and wluil 
priKliicts can be genera od for them light now. Later, 
they walk away disappoint cu hccause we were unable to 
meet their expectations. I tnntly, we must have a broad 
network of technical and user contact s and he able to 
handle constant interaction with the various groups. 

I\i like to grind my own ax just a little hit. Wc have 
an economic and commmhty development orientation 
and always have liad ami always will; tliat is what we'ic 
charged with doing. Mi»st i>f the present research 
orientation ss toward natural icsouiees: land cover ami 
environnu.ntal issues am) the ideiitilication nl natural 
phenomena. As a deparlmcm. wo bring a somewhat 
dilTcient oi lent at ion whtdt cmpliasi/cs the nihan aieas 
in Ohio, iiulusirial lucali»m. growth and development 
trends in niban aicas. slate eciminnic poh«‘ic.*, imhlic 
facility invcslnicnt. amt iiumageinent. Ihis oiiciMaMnn 
has caused as to [iM>k at dillcicnt types oi applications 
of satellite and conventional rcmole-sensing data. 
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Wc have ide.Uificd three major potentials Into which 
we arc presently putting some research funds and really 
trying to generate s<mic useful products. We're looking 
at the expansion of urban areas and the pattern of 
development, and wc hope to get a routine procedure 
for monitoring urban growtlt in Oliio. Wc have 
developed the siiftwarc programs and arc now collecting 
some of the input data to a growth alUu;ution model 
which uses Landsat land use information as the basic 
cuinpuiient in allocating future growth. It is geneialty u 
policy analysis model (explained further in pa|K^r L-3, 
voK 1-C). Finally, wc are looking at key facility siting 
and monitoring and the use of remutC'Sensing data in 
this kind of application. 

Wc have a number of ptoblcins. We find that wc must 
cniphasi/c the urban in the research and applications. We 
must continually stand up and be counted as being 
primarily interested in the urban because we find a 
tendency to deal with natural resource issues. Wc also 
find it very difficult to anticipate in-house costs for 
making this kind research operational. For cxmnpi;, 
wc cannot say that in 197*7 wc will need an c.xuct 
number of dullars to make something work on u routine 
basis which has beett proven to work in a research 
framework. Finally, wc have nad some difncuUics in 
developing systems personnel and tcchniipics to build 
the applications bridge between what the researcher cun 
do on a one-time analysis and what wc need in order to 
deliver a mcaniiigfirl service to our clienielc. Service 
delivery requires a gicat deal of in-lu>usc commitment 
and capability. 


We have a number of A'ommendatlons. Wc would 
like to sec NASA consider mechanisms for merging 
Federal funding sources (such as highway funds or 
Department of the Interior or Department of Commerce 
funds, or maybe even some HUD funds) to provide 
applied research with s|)cciric applications in mind. In 
other words, wc arc suggesting tliat wc have some 
up-fron* money to look at different potential 
applications of tlic data, but we*re having difficulty 
fimling funds once we hit upon an application which can 
be made operational. For example, we may be able to 
use hi^iway funds to make operational some of the 
work in the land use area. Finally, wc would like to 
think it pc>ssible to consider making specific application 
funds available from NASA. In other words, given a 
situation in which the research Indicates a useful output, 
funds should be made available for dcvclopiiig the 
in-house rapability to harness the output and for 
generating the output on a legular basis. It requires a 
great deal of salcsmansliip and it requires a great deal of 
justification to generate the in-liouse funds. 

Wc have found in Ohio a successful way to make 
Landsat data oficrational in an inventory which can be 
used across the state at a variety of scales and with a 
variety of levels of classification. Wc have made an 
interagency commitment to the routine use of satellite 
data. Witliout this kind of commitment and without 
in-house state capability, the routine use of satcllile data 
will remain difficult if not impossible. 


II, SYSTEM DEVELOPMENT 

Frank Leonc^ 


A system has been dcveloiKd in CMrir. over the last 
few years which I think will allow us to handle data 
from remote sensing, or olherw'sc collected, in a variety 
of n,ccliaiiistns for doing land use and lamhrelated 
prohleins. Wc i*^ the IXqiarlinctU of Natural Resources 
have three concerns in terms of our land use pluniiiiig 
program. The first of those is the provision of technical 
assistance to local units of the govermiicnt. And the 
second is to develop delatled data for slate programs on 
a site-s|H?cific basis. .And the third is the development of 
gciierati/ed data for statewide land resources policy 
development 


The technical assist uice program was basically our 
respoua' to serving 1 300 iownslii|>s, K8 coiintic:. and 15 
regional planning districts. Wc are trying to provide 
uniform data armiiul which they can base their planning 
programs. 

The data collect irni I or the .site-specific program at 
the stale level includes assistance U% the legislature on 
scenic livers and natural area laws, a coasuil /one 
iraiiagemeni grant for Lake l.rle, and planning for some 
.VdKMlO acres of strip-mlricd land in the Appalachian 
regions. 

The median Isms chosen in development during the 
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last 2 :*'jrs is simicthing wc call the Ohio capability 
analysis program (OCAP); OCAl^ has two parts. It is u 
si>ftware package to store* edit, and manipulate map 
data to a foiiii that wc believe is suitable for various 
users. The format that wc have chosen is organized 
around a T/J quad, the series of maps out of the USGS. 
The data c^n be manipulated into any format besides 
that; for example, by county, townsltip, or watershed. 
But the original data arc stored at the quad basis. We arc 
not talking strictly about land use and land cover and 
remote-sensing data. Wc arc also talking about detailed 
soils classilicatioii, surface and bedrock geology, and 
topographic analysis of surface and ground water. The 
second part of the OCAP program is a set of analysis 
functions which evaluate the data base for a prescribed 
set of land uses, usually dictated by the user that wc are 
trying to serve. For example, if a township wanted to 
know the impact of a proposed slate park, wc would 
provide data at the township level for phiining for tlial 
contingency. Wo would provide a county with 
count y-lcvcl analysis for the preparation of 
comprciicnsivc development plans. And wc would 
provide data to multicoimty agencies for programs such 
as the liPA section 208 waste w,iler management 
program. 

You may think that a flexible data nianipuiation 
system will allow us to provide the assistance that we arc 
talking about in each of these areas. I think it will 
probably get me to a p^unl wl: .c I can talk a little bit 
about remote sensing. Wc rely very heavily on 
remote-sensing data in the process wc use to get data 
base into the computer and operational, to digiti/.c a 
hard ; *^py map uiut gel it into u clean data llle. to get a 
map copy with a high-speed printer output of the actual 
data and a map copy of the analysis function. To date, 
wc have used mostly black-and-white low-attiuide 
photography at scales ranging from l:48(M) to 1:24 000 
for silc-specilic analysis and 1:80 000 for regional 
analysis. This, o{ course, rccpiiros a great deal of data 
conversion. Wc have l<» manually iiilcrprcl the data, 
using equipment Stich a /.ooin Translli scope to 
Iratisfcr t(» a uniform base map, digitize, edit. and finally 
have a clean map tile. 

The nature of the Lamisat data ami the reason lor 
proce<»ding with the inventory Ihr land covering is that 
tlie computer elassitled (ape can he easily input directly 
into the (H'AP system, giving ns a mechanism Un 
numipulattiig the data once obtained. Tills becomes one 
data variable in a set that ranges somewlicie from 10 to 
20 data vaiiables. depending on the analysis we ate 
about to ]Vv‘i jorm. • a icaily gCMui v:\ainpie oi iuiw 
(lie system can be used is the work i»f the 


Ohio-Kcntucky-Indiuna Regional Council of 
Governments (OKI) using Laiidsat data in the section 
208 waste water management program. Wc tliink that 
the process is relevant and should be provided at the 
state level for all regional pluiming agencies doing the 
same kind of work that OKI is now performing. And wc 
hope to be able to provide it to them using the OCAP 
system. 

In summary, we have specific uses in mind for the 
data. And wc think wc have a system to put it into once 
wc gel those data. And wc arc satisfied in the mechanism 
for the use ofLandsat data to the limit of the rcsolu'it . 1 . 
I think NASA and other Federal agencies must channel 
their efforts or rcchannci theii efforts to provide 
detailed data for various programs states are charged 
with doing under proposed and existing Federal 
legislation. Duplication is occurring in small-scale 
national data collection efforts, and this should probably 
be exainiiicd very closely. 


DISCUSSION 

QUERY: At the time the system was devclo)>cd. at 
the time yi>u gto ytiur original go-uhead to participate in 
this, or at any time during the devcloptncnl of this 
system, was there ever a cost/bcnefit analysis done on 
your part to see if it was really worth being involved in? 
Or, because you arc providing services to users through 
your own .staff, Jo you feel that is really not an 
appropriate kind of question at this point of the system 
development? 

SPEAKER: It is an appropriate question, but | iliink 
the cost/benefit analysis would nc very difficult. Wc 
caiCt aimirti/4* an inveslmenl at the state aj^'ncy because 
of cost savings accrued by local reghmal agencies 
ihroiigh llie provision ofthe data. Take the example ofa 
county analysis comnlelcd in Oliio. l ake ('ounfy was 
the tlr.st county we completed. !*or the year since it has 
been completed, wc can evaluate the nuiiKuous uses that 
iiavc been made of that data base and that analysis, by 
public agencies in the county, by tlie county itself, and 
by private consultants. I think you Iwgin to amorii/e tlie 
investment quite easily. The cost of getting that system 
logclher nt^l tlie data collection itself (ml gelthig the 
system, taping the data, putting it into tiic compuiei. 
and providing the analysis will range about St SIMM) 
|K'r county. The money is well s|K*nt. 

QUERY: The whole system is aimed at providing 
heller fiilormation (o make decisions on. and yet it is 
never challeiiged itsell as to tlie ilecisions tliat aie licing 
made in relation to the development of die system. Wc 




just assume, and 1 think perhaps incorrectly, that the 
political process is not operating or not operating at an 
optimal level and therefore u system needs to be 
developed to provide information to expedite the 
political process. But that system itself and why we 
sliould be involved in it doesn't seem to ever be 
challenged except from one pointi either we arc in it or 
we're not. But nowlicre do we come up with any kind of 
cost. And the second question I wanted to ask was about 
capital investment. What is the relationship between 
your state capital investment plan and the use of these 
data? Is there a comprehensive capital investment plan, 
and what is the input from this? 

SPEAKER: We do have a comprehensive capital 
investment plan which covers 5 years. It is really a wish 
list. It is not a realistic listing of those projects which are 
likely to become realities. It is a collection of 
submissions from agencies invited to make a capital 
request. Tliat document is virtually discarded and >vhat 
becomes a reality is an appropriations bill, wiiidi in 
Ohio - much as in many other states - is in some degree 
a pork barrel and in some degree a reflection of some 
real priorities. An example of what is being done is with 
the aid to higher education bill. A somewhat cursory 
examination of the economic impact of those 
investments in those counties where they occur is being 
done. And the state oi Ohio Department of Hcononiic 
and Community Development will assess tlic increase in 
jobs resulting from the capital investments. But the land 
use inventory and the application of remote -sensing data 
do not play a role in that assessment. 

QUERY: How big is your annual budget for this 
program, for the remote sensing througti to the analysis? 

SPEAKER: For the u looming year, we have a grant 
from NASA of $180 000. We have a SI 12 000 
commiliiiciu from three state agencies, xhe Ohio 
I3cpartuieiU ot Natural Resources, the Department of 
hcononiic and ('oimmmity Development, and the Ohio 
hiivironmentai Protection Agency. In addition, we have 
an approximately $40 000 .Skylab grant, but it is not 
related to any of this discussion. 

QUERY: Can you translate that into the cost per 
square mile or something? 

SPEAKER: I didn't mean to imply tlial Iota! amount 
applied to the ii>veiHo*y. It certainly does not. We arc 
talking about a statewide inventory generated from the 
c(»m|niter<ompatihlc tapes run through software 
programs at the IX^partnieiil of N.ilural Resources and 
output as maps, lhal process ctists roughly S 171 (KM) for 
the entire state. In l%(). my department di * a similai 
inventory luamialty Ibr the cost ol SIU| 000. which in 
H)75 dollars converls to ahnui $.'04 000. !l that’s soute 


type of cost/bcncfit analysis, I doubt It, but at least it 
gives you a comparison. 

QUERY : Even while tlic amount of money involved 
is not that large, still I think it is rigid to require that a 
system be challenged on that basis. I think everybody is 
aware that the new in-vogue activity for state planning 
agencies and other state agencies is tlic use of 
information systems, and tlicy have just proliferated. 
Every time we turn around in Iowa, we arc being asked 
to take on a new information system and develop it. Tlic 
money involved is not that great, but it continues to 
grow. We get involved in them and we’re producing 
information, but to what end? And it seems like in just 
another year or two, there is always something new 
wliich comes along in which we have no master plan 
ourselves for controlling its adoption. 

SPEAKER: I think your point is well taken. 

QUERY: i was going to ask a somewhat similar 
question. You did mention there was no central agency 
rcspoiisibiiity ior the development of the system, that it 
is now based on the interest of several state agencies in 
cooperation. Would you feel more comfortable if a 
single state agency were charged with this responsibility, 
either legislatively or through governor’s directive? That 
agency could begin fiKUsing on the kind of questions 
that obviously arc going to conic up: the validity of the 
data, what kinds of manip4sations will be permitted, 
lujw reliable it is, and how often it is going to be 
updated. Wlictlicr it he S500 or $5 million, we arc 
interested of course in how we spend the money, but we 
also want to make sure tliat we get as much as we expect 
to get (HU of it. But no iiiformation sy.stcin is going to 
answer the question for you. Tlicrcforc, someone lias to 
be able to put a limit on what is a reasonable amount of 
money and a reasonable aiiticipation. 


GOESLING: Let twi respond to that by making tliree 
points. There is an agency under development by the 
present governor, a very small one consisting probably of 
tliree people, that will liavc the major responsibility of 
coordinating interagency programs. Secondly, our 
governor lias the pliiiosophy that if you cut a 
department's budget to a poitii where it is really strained 
to accommodato those programs that it considers very 
higli priority, you will ttulucc intcracimn. Aiul in this 
cas<\ it worked. The Detiartmciil of Natural Resources 
look a technical look at the sifuation ami said. **Tliis 
seems to work for us; what do you think?" Our reaction 
was that it diws work lor us tlie same as the Olito 
I nvinnimenlal Protection Agency. And then I look a 


look at what kind of funding we had ami said. "Wlial 
kind of money Jo you liavc?" And we were able to buy 

ttiffi lli.l II. , .... 

Aiiorncr point I tliink is 
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important to understand in terms of defending what we 
do. either as a lump investment or as a realistic product 
tliat makes sense. That is the responsibility of the person 
applying that information in a given situation. Any 
information wrongly applied will certainly yield wrong 
results, and then it is the responsibility of the individual 
who applied the information to justify what it did. I 
think that is the viewpoint the three departments have at 
this time. Our potential application is different from the 
Department of Natural Resources applications. And the 
Ohio Environmental Protection Agency's application is 
different than the two of ours. And we don’t 
particularly want to defend the Department of Natural 
Resources staffs application, nor do they want to 
defend ours. So it is each man for himself. 

SPEAKER: The process as it now stands was defined 
out of user requests. We concentrated on what we 
thought was a consensus of specific needs in specific 
areas, so that user applications did not have to be sold 
when the process or the project was developed. The need 
was there before we even initiated the development of, 
say. the software package or the uniform data collection. 

QUERY: You mentioned key facility. What docs that 
mean? 

SPEAKER: Wc have no definition. We prefer to 
choose the route that Wisconsin seems to have chosen, 
which is basically to enter the local political situation 
and have those people tell us what they consider the key 
facility. 1 know that is essentially begging the question 
and asking somebody else to give you a definition. But 
wc feel more comfortable with that procedure at this 
time. Wliat wc have done, thougli. is to develop the 
methodology for assessing the environmental and 
economic impacts of the key facility. The tlieory applied 
in the particular technique wc have developed is no more 
sophisticated than input and output analysis and survival 
population projections; it seems to yield the reasonable 
results when tested against user criteria. I want to 
cmpliasixc our orientation toward a decision, be it a 
small housing development or a miclcar powerplant If 
you would like to get into the business of trying to 
determine what that decision means to you as a 


community, however you define that word, we will try 
to help you technically and with information and some 
expertise. 

QUERY: Arv you trying to take this information to 
the counties and the communities and help them learn 
how to use it, or arc you just working with the regions? 

LEONE: We work with a mixture of agencies. If we 
have 1 S projects in a year, we will deal with a mixture of 
townships, counties, and regional agencies pretty much 
evenly divided. The idea of the process is to put together 
a uniform data base that can be used with any of those 
applications. 

QUERY: You said that you were basically user 
oriented? Does that mean your classification system is 
open-ended and expandable? Can it be changed to the 
osers’ needs? 

SPEAKER: Yes, it is. 

SPE.\K£R: I'd like to react to the comments on 
cGst/bencfit ,;r.2'ysi5. I am not convinced that 
cost/benefit analysis is a valid technique to be used for 
evaluating land capability analysis systems, for two 
reasons. It is hard to measure a lot of things that you can 
do with it. For example, through a land capability 
modeling process, you prevent one section of prime 
agricultural land from being converted to a rcsi<lcri^ial 
development, and kind of shuffle that residential area 
off somewhere else. Wliat is the value of one section of 
prime agricultural land? It has a certain market value per 
acre, but the long-term value is often hard to assess. And 
the secfind reason is that it is very hard to evaluate 
spinoff effects. You really can't figure those items into a 
conventional cost/bencfit analysis. My }>crsonal 
philosophy is that if you arc working with limited 
resources, you can either talk about doing something or 
you can do it. Often in a bureaucracy, you can really get 
carried away with this cost/benefU thing; you have a real 
nice analysis after a few years, but that’s all you liave. 
You don't have any product at hand. I would prefer to 
go ahead and possibly risk making a mistake and wasting 
a little money, because the cost/bciicrit analysis miglu 
do the same thing, and get something done with tlic 
effort that I would be applying to that analysis. 
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S-11. The Use of Satellite Data 
for Regional Planning 

A. H. Hesslinfl^ and Timothy G. Man/^ 


The use of satellite-generated data and maps by state 
governments has, in just a few years, become widespread 
and almost commonplace. But local planning agencies, 
whether county or municipal planning commissions, 
special-purpose agencies such as conservancy districts, or 
regional planning agencies, are just beginning to mak»' 
use of this valuable new source of information. Regional 
planning agencies, which arc often organized as councils 
of governments, may offer the best opportunity for the 
expanded use of satellite-generated information. The 
reasons for tliis arc (l)thc relatively large area covered 
by each regional planning agency, (2) the type of 
planning activities in which they arc involved, and 
(3) the large number of such agencies. In describing this 
“new market’* for satcllilc-gcncratcd information, it may 
be useful, as an example, to discuss the experience of the 
Ohio-Kcntucky-lndiana Regional Council of 
Governments (OKI) in its development of a regional land 
use inventory from computer processing of Landsat-l 
digital tapes and the use of those data in the OKI water 
quality planning program. Some brief background 
information about regional planning in general, OKI. and 
regional water quality planning in particular will help to 
put things litto perspective. 

According to the “1974 Regional Council Planning 
Directory,” published by the National Associathm of 
Regional Councils, there are more than 600 regional 
planning agencies throughrml the country. These 
agencies exist in almost every one of the approximately 
250 metropolitan areas in the United States. Many, such 
as OKI, were created in response to the I cdcral Highway 
Act of 1962, which required local governments to 
participate in a regional development and highway 
planning program in i>rdcr to qualify for hcdcral 
highway assistance. In addition to the urban-oriented 
regional planning agencies, most stales have created 
nuillicounty. substatc planning districts. In many 
iiistj<:ces, the mctfopolitan planning agency U also the 


Each agency has undertaken planning activities in 
various functional areas. Tlie OKI, for example, has 
completed an overall development plan, as well as plans 
for higiiways, housing, open space, water supply , sewage 
disposal, and solid waste. Currently, the OKI staff is 
working on a mass transit plan and a water quality plan 
as well as updating other plans. 

The OKI region, geographically centered on the 
Cincinnati metropolitan area, encompasses 3100 square 
statute miles in 10 counties: 5 in Ohio, 3 in Kentucky, 
and 2 in Indiana. Tlie council of governments was 
created by agreement of the participating counties under 
aoplicablc provisions of the three states’ statutes, the 
region has a population of 1646 811 (1970 census), 
which is projected to surpass 2 200 000 by the year 
2(KX). There are 128 municipalities, 81 townships, and a 
large number of special districts within the region. In 
this context, the need for regional planning becomes 
obvious, as many of the problems that face local 
government cross political boundaries. Prime examples 
of this arc transportation, water quality, and air quality. 

The OKI is a Urcally controlled, representative 
organization whose 100-mcmbcr board of trustees 
includes rcpn‘4scnlativcs from all areas of the region. The 
board meets annually to elect a 26-mcmhcr executive 
committee, whtcli has the power to adopt plans, resolve 
major issues, and establish policy. In addition. OKI has 
been designated by the U.S. Office tif Management and 
Budget as tlie metropolitan clearinghouse for review of 
local applications for Federal assistance to ensure that 
the projects are compatible with the plans adopted by 
OKI. 

The Federal Water Pollution (’ontrol Act 
Amendments of 1972 (Public l.aw 92-5(K)) created 
several programs to tight water pollution. Under 
provisions id section 208 ol tliat act. reghnial planning 
agencies such as OKI were given the opportunity a!id 
Itmdiiig to undertake regional water quality planning. 
The OKI was uwc of the fust reeiotial agencies to receive 
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u section 208 grant from the U.S. Environmental 
Protection Agency (BPA). By mid- 1 975, 149 agencies 
either had begun work or had been assured of funding. 
The EPA-administcred program differs from past 
HDD-financed water and sewer planning in that It deals 
with alt sources of water pollution, not just pollution 
from municipal sewerage systems. Other sources of 
water pollution for which planning icsponsibillty is given 
are industrial discharges and what are tenned 
“nonpoint” sources, which include runoff frum 
agricultural areas, runoff from urban areas, erosion from 
construction sites, and leachates from septic tanks. 

A major task of the section 208 planning program is 
the prediction of water quality in rivers and lakes 
resulting from existing and future land uses. This 
prediction will lead to the formulation of new land use 
policies that will reflect the need to improve water 
quality. To achieve this, OKI has developed a model that 
can predict the flow of sediment, total phosphorus, total 
nitrogen, and organic wastes into major streams. 

An essential input to the model is an accurate map of 
land use. The OKI needs to know how much acreage of 
each land use type is within each of 225 drainage areas 
within the study area. Other variables include slope and 
soil type. 

Each land use type has a special characteristic that is 
important in calculating the quantity and quality of 
stormwater runr>fT. Ftir example, laud used for growing 
crops is oltcn tilled in the spring when rainfall is 
heaviest. Much i f the rainfall is absorbed into the 
ground, but cro.'ion can be significant under such 
circumstu>'.vs, ic^nltiiig in sedimentation in nearby 
streams. In a central city area, where virtually all of the 
ground is coveted by pavement and buildings, little or 
none of the water is absorbed. Instead, It flows rapidly 
into storm sewers, carrying with it dirt from streets and 
buildings. The runoff from these two types of land uses 
is quite different In character. 

The relationship of land Ui C planning to water qiialhy 
planning, then, hccomc.s quite obvious. The inventory of 
present land use, together with po|Hilution projections, 
will serve as a basis for developing a future land use map. 
With future land use predicted, the wafer quality nuidcl 
will he run again to determine the impact ot future 
devclopnieul on water quality. This analysis will lead to 
an Ulentitlcation iif critical arcus where ,‘dicrna ives will 
have to he developed to niitihni/e any deleterious impact 
on water cpiality. 

Because the section 208 program involves ptaiming 
agencies in a tyiw of planning with which they have not 
previously dealt, new data systems iiuisl he developed, 
riiis is particularly true in regard to land use data. Liitd 


use Information currently available to planning agencies 
is generally not adequate for water quality planning 
purposes. Usually, ugiiculiural, forest, and vacant land 
has been lumped into one category: misccllar.^ous. 
Urban land uses often arc not Identified in terms usable 
for water quality planning. 

Because most planning rcgiont arc fairly large, the 
traditional land use inventory techniques of manual 
interpretation of low-altitude aerial photographs and 
“windshield” surveys arc too costly and time consuming; 
measurement would take a team of five people 
approximately a year to complete. Faced with this 
diteuima, OKI found another source of data: Landsat-I 
digital tapes. Tlic staff found that the needed land use 
inventory could be generated through machine 
processing of Landsat-1 digital tapes at a cost no greater 
than that of traditional techniques and with a great 
savings in time. The fact that the data arc computerized 
and could be plugged into other programs was very 
important in OKI's decision. Subsequently, OKI entered 
into a contract with the Bendix Aerospace Systems 
Division for it to process the digital tapes, to provide 
statistical summaries by drainage area, and to provide a 
color-composite map for display purposes at a scale of 
1:60 000 (fig. I). 

The OKI staff v/orked with Bendix to determine 
which land use categories could and should be Identified 
and assisted in selecting ground-truth data. Tlic result 
was a land use breakdown that includes grassland, active 
cropland, two densities of woodland, four densities i>f 
urban development, and surface water. A map (' ‘a small 
portion of the OKI region, produced at 1:24 000. was 
used to verify flcld iiispcctUm results. The data did 
require further manual interpretation; stnwe calegorics 
required a further breakdown, whereas otiicrs were si^ 
similar that they needed to be combined. It wus OKF.s 
ex|)cricncc that machine processing of Landsal-I digital 
tapes is a viable inclIuHl for conducling a land use 
inventory for water quality planning. In the future. OKI 
intends to determine how the data might be used \\n 
other OKI regional planning activities and how the data 
might be used bv local planning agencies in their land 
use dccisuHimakiiig. 

Perhaps one reastm more regional planning agcncie.s 
have no! used satellite-geiieraled ponhicts is that they 
are reluctant to base the success of their various planning 
programs on something so new. Others inighi be more 
receptive the use of these data if special Imids were 
available to them lor the development ol data systems or 
if the 1‘edcral or Si ale (Mivertnnenls would process tlie 
latvs and furnish the data to the h?caf users. 
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S-12. Policy Implications in Developing a 
Land Use Management Information System 


Albert J. Landini^ 


For the past 15 years* the Los Angeles City Planning 
Department has systematically souglit to develop an 
integrated land use information system. Our ideal has 
been the development of a geographically based system 
using the individual land parcel as the primary record 
and encompassing all data assi J:4ed with that parcel. 

Lacking sufficient monetary "Sources for our ideal* 
we developed single-stage information systems for each 
level in the critical geographical hierarchy. Hiese systems 
have not necessarily been computer o/;ented* and 
natural resource data were not considered for 
incorporation. 

Because wc elected to join with the Jet Propulsion 
Laboratory (iPL) in the land use management 
infomiathm system (LUMIS) project* we began to 
critically consider the constraints of scale and resolution 
as they apply to plunning policies. Wc found that alt 
planning data need mit come in at the level of the 
individual land parcel. We abandoned the grid cell 
system because it lacked credibility with the planners 
using the data. 

Cities have streets and streets aic probably the 
primary identifier that wc all use to describe some area 
of tlic city. If I recommend a particular restaurant* I give 
you a street address; if 1 tell you how to get tlierc* I tell 
you in terms of a street network. Therefore* I believe 
relating data to the street pattern was more critical than 
was the actual resolution of the data being constructed. 
That is the reason wc went to a |H>]ygon system, the 
master polygon being census blocks, which arc 90.9 
percent defmed by the street pattern. 

Wc hmked at the kinds of maps the planners were 
using. Wc found, in general, in wliat situathms they 
would require parcel information, particularly for a 
neiglihorhood, ciimmunity, or citywidc plan that was 
Vcggrcgutcd to a block ot to a separate tract. After wc 
made this discitvcry* wc thought that liigli-altitudc 
imagery, or photography and Landsat imagery, would 
play a key role in providing us with ncces^iary natural 
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resource data fur ntaktng a plan for a fairly large city of 
470 square statute miles. 

However, wc ^ . and that photographs themselves, no 
matter what kind of piiotographs, lack credibility with a 
planning staff. Largely, 1 think. It is because planners 
don't know how to look at photographs. In the city of 
Los Angeles, which services about 2.8 million people, we 
can only find one person who claims to be a 
photointcrprctcr. In the county planning agency, which 
services 8 niillkm people, there is only one man who 
claims to be a pliotointerpieter. So, when wo took tliesc 
photographs to planners, they did not know how to 
work with tliein and they generally rejected them. Wc 
then did a little market survey on the availability of 
photoin tcrpr;tcrs in the planning profession. Wc found 
that throughout the planning profession, there was a real 
lack of photointerpreters working as planners* or 
planners who had pliotointerprctation skills. 

What about using computer tapes directly? I make no 
pretense of being a computer programcr. If I get a 
20'Stutemciit FORTRAN program to run i>n the tlr.st 
submittal* I go out ami have a special diiinci that night. 
So that puts my programhig skills i*i the perspective of 
what goes on in my department. I wiiuUt ask a potential 
user iiiie question: "Cun you process the Lundsut 
materia!?'* Three people all gave me the saitie answer: 
"No. It’s better for you to go out and seek to get 
$10000 and find a consultant to do that." Sti a 
S|>eciu]i/ed industry seems to he growing up using the 
tapes themselves ot using hardware to interpret ll.v 
tapes. This will not w<irk for cities. 

Planners in a large city like L4>s Angeles need the 
USCjS lam! use ma|)s for the census cities, (tranled. these 
arc relatively gross maps, because someone has prejudged 
the resolution needed for the prohicrii by saying, "Ciive 
it til me at the census tract level." So wliat dii we need? 
We tiecil land use maps, produced just like USiiS maps, 
at the same price. And wc need data tabulations pretty 
much like the census lahiilation.s tor your area tltat you 
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cun buy for S20 at any Fcdcrul puhlistiing house That 
gives us the percent of land use per tract, the acres in 
that land use for each tract, and the number of types of 
land use for the area un^ study. 

1 have a daydream: 1 would like to be a data gypsy, 
wandering the countryside, bringing new techniques to 
small agencies, solving urban problems. If I would ever 
uctuali/e this fantasy, l*d do it with $1000 of front 
money for any one city. And what can I do for $1000 in 
the planning information system today? Compare this to 
what you can do with $ 1000 using Landsat. That $ 1000 
will buy SYMAP-HARVARD computergraphic maps (a 
well-documented and well-established and now fairly 
well-accepted computer mapping program compatible 
with a standard computer) for almost any metropolitan 
area, alt of the census data (on tape and in printed 
publication), and the census maps. And there will be 
money left over to buy the USGS maps for that area and 
a copy of the UCLA biomedical statistical package. Now 
1 can put all of these obviously patchwork pieces 
together and pr^)ducc a fairly viable information system, 
a system that probably HO percent of the cities over 
100 000 population do not have now. That is what 
StOOOcan do. 

That $1000 cannot be spent comparably to process 
Landsat imagery. I don't like to just walk away, leaving 
you with a problem. Let me propose a solution. There 
arc llircc primary data-providing agencies in the Fcdcrul 
Govermnent riglit now. Two of the agencies, USGS and 
the Census Bureau, provide Jala under their charters on 
a rmitiiie and timely basis to the public. The NASA. 1 
uiulcrstand. is not allowed by its charter to produce 
informatuui for users on a coniiimous basis, hut must 
limit itself to vxpcrimcritul activities. I urge NASA, as 
stroitgly as I can in the voice of one planner, to seek to 
change its charter and become the third in this proposed 
triad of informal ion providers: the map from USGS. the 
data for socioeconomic conditions from the ('cnsiis 
Bureau, and tlic natural resmirccs information provided 
by (.aiidsal from NASA. With that. 1 think the plumiitig 
cycle is completed; then, we can begin to seek to 
improve it. 

DISCUSSION 


QUERY: Ytm are talking about a very small 
statistical unit tlic census trad is mi. Do yon perceive 
that tins hifornuitVH* could be used in /oiling decisions 
ami small area planning? 

LANIIINi: I sthveyed onr dcp,irtment iKtore coming 


planning and advance planning. The current planning 
function handles day-to-day problems. If you want to 
put a swimming pool in your backyard, or build a new 
bedroom on the back of your house, you go to cither 
your comniisslon/hcaring process, or to our /.oning 
administration process. Both offices use maps at u scale 
of 1 : 1 200. So the small-scale data probably account for 
at least 40 percent of our budget here. Census tract data 
arc for gross planning activities. 

QUERY: Do you think that the satclUtc-gcneruted 
data would be at all useful in neighborhood planning? 

LANDINI: Tlic current land use map for the city of 
Los Angeles was hand drawn in 1973 by the 
guesstimation process which involved a 1970 Plymouth 
Valiant and two guys going out driving a couple of 
afternoons. And it went sort of like this: “Do you think 
that block where we saw that gas station was 2 acres or 5 
acres?" Yes, I think the processed Landsat data would 
be of value lor a city the si/c of Los Angeles. Especially 
because we don't have much vertical development in the 
suu^'.icni half of California, I think the data would be of 
value to any city of 100 000 population or larger in that 
area. 

SPEAKER: You made an interesting comment about 
processing by the city versus processing by consultants. 

In our project, althougli we had the data processed by a 
consultant, we stipulated in the contract that the tapes 
became the property of the agency. And we also 
stipulated that the tape.s be produced with a fonuat 
compatible with the state's OCAl’ system. Therefore, 
our coinpiitcr people could rcaggrcgulc the data by some 
other statistical unit 

WRAY: r in Jim Wray from the U.S. Geological 
Survey, office of land information and analysis 
geography program. 1 appreciate the kind words 
rccogni/.ing some <if our efforl.s to bring together ^ 

information from remote sensing into demographic 
users' slatistkal areas, such us the census tract. 1 see 
three dilcininas. One deals with the Iransferabilily of the 
knowledge that is being gained, one concerns the role ol 
the map tn the gcoinformaiion system, and one concerns 
the dc|)eiutcncc tm parcel level detail. In the 
transterahilily dilemma, we can only conimoiid LUMIS 
for the knowhow it has identified, both :• user 
point of viev# ami Ironi a tcchiudogy Iraiister 
oppiutuiiity. But it also |>ointsout the linitiN in plaiming 
groups, the lack ol pholoiiiterpictution skills, llicic is a 
limit on the translerability. Thedileimiia conccuiing the 
role ol the map; it is a tHdygoiHitictUed system, and it 
requires maps ot vaiious parainelcts and maps alsi» of 
this liicraichy ol geographical aicas. I hey iiiusl fiav>- a 
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pcitpk talking about Information »ystcma assume that, if 
tile maps arc availablCi they are compatible one with the 
other. This simply is not so. Anotlier part of llie 
dilemma may be that, ultimately, users such as planners 
do not really want informution in a map form. Who says 
a geoinformation system has to be in map form? Tlie 
third dilemma Is the dependence on parcel level detail. 
The parcel level is an ownership unit* And, obviously, 
management decisions affecting liow plans get carried 
out have to be on a manugement basis. So, somewhere 
along the line, we have to relate to this aspect of the real 
world: wh*> owns the land and what is the owner's plan 
for its use? In my experience, working with 
metropolitan planning groups, tlic best information 
systems involving parcel level detail arc incomplete and 
take IS to 20 months to get into an 
information-retrievable form. So tlie dilemma is the 
timelag. We need a way to get a handle on what is 
happening before we get the word on the ownership 
level of detail. And the final question is, what is the role, 
if any. for f^iidsat in a land use management 
information system for metropolitan areas? 

LANDIN1: On the transferability, right now on the 
LUMIS project itself, we arc trying to make a transfer of 
that technology to Tacoma. That will be the answer to 
the first question on transferability. 1 don't sec any 
change in the photointerpretution process. I think 
photointerpretutiun is going to remain a relatively minor 
skill III the planning profession, and we will have to look 
to spcciali/cd consultants or speciuli/ed agencies to 
rctVnnat or to do the data transrorii,.ition from the 
pliotgraplis. 

WRAY: Or more UUD 701 itumcy so planners can 
buy consulting and lecimical services? 

LANDINI: I think the trends should he perliaps away 
from reliance on f:c Federal funding action in local 
gvtve rill tie lit. I don't mean speciHcally in terms of the 
Los Angeles planning department, but in general. 
Short-lcrm skills get developed, lor whuli lliere is no 
contimiiiig use. I would rather .\ee all i>f these minigrants 
lumped together U> create soinclliing that woulil be vital 
in iIk* long term, such as the decennial census or the 
uses qtiud sheet activity. Some (leoplc have talked 
uluuit regional centers; that may he i>no way. In 
reference to maps, I trained as a geographer, ami my 
carttigrapbic training was that maps were, in lad. 
precision iiiNtr‘iiiienl.s. Ilicii I got into the planning 
prtrfessioii wh.*re. instead of using the 00 lapidograph. I 
was liaitiScd ;i felt-tip marker and I knew lliul 
cartographic standards, somewhere, went by the hoanis. 
The man ceases to K* an ettginoering and rather 
becomes a nicaiis of conveying data. I call it a fancy 


statistical chart. We don't model from the map. We don't 
even make plunimctric decisions from planning maps. 
But a map will sway an audience about a policy a 
planner is seeking to implement. One of the needs that 
we definitely have 1$ lor data tabulations, os well us for 
mapped iiiformation. The maps arc relative in their 
aa^uracy. They are not planimctric maps. Our parcel 
level system has taken 5 years to get to a point that we 
can simply report back the assessor's data. Somebody 
here talked about having satellite imagery flown at one 
scale and aircraft underfliglits to build a lUerarchy of 
resolution into the photographs. 1 think of information 
systems, even a duta-based management system such as 
NIPS in Louisiana, as being in several layers. How can I 
do it graphically? We could have parcel-level data. That 
is a big ball and that ball moves very slowly. Hie rate of 
change we see between points in time is greater. Landsat 
data, coming out in some scanned format, are being 
processed more quickly because we arc dealing with a 
much smaller number of units and getting more 
continuiius updates. This is u small ball. And if tlic balls 
are going along at the same time, the small ball must be 
turning faster to keep up with the big ball. Tiicsc 
multiple systems arc never going to be replaced; tlierc is 
no single magic system. Tlicrc arc inultiptc systems for 
multiple users. 

WRAY: I tliink you arc leading to a way to answer 
the lust question: What is the role for Landsat or some 
sensing capability that acquires information from time 
to time in a digital form? Our image-processing 
techniques offer uii alternative to our short supply of 
photointcrpictation skills and in|Hits into information 
systems. 

LANDINI: The best answer I liave is that tlic city of 
Los Angeles an open-space plan. It is colored witli 
lots of dificrerit, attractive shades of green that indicate 
where desirable areas of open space arc to be built. And 
when I got ii\to my l<^70 Plyimuith Vatiaiil and went up 
io check some of these desirable open-space plans, I 
found tliat the areas were now all terraced and tinder 
construction. I could nioniUir that activity from Landsat 
information. Somehow the iiifoinialioti is not coining in 
now, hc> aiisc we arc still coloring it as green (tpen stxice. 

QUERY: You indicated that NASA ought to he in 
the natural resource data business. Wtiat arc your criteria 
tor anivitig at tliat coticUisioii. rather than suggesting 
that laiiie luiiction could he carried out by US<iS. or 
sttiiK other place in the Departnieiil of the Interior? 

LANDINI: IliisMiggestion is based on my association 
with NASA lutsoimel and seeing what is going on witti 
L;!;U!s:!t technology. My bailiwick is census. t)nc id my 
p.iiiiary recommcndalitins lor the htHO census is to 


embark upon a mapping aystem so that wn can get line 
segment informatinn only* inromiation that cimld be 
scanned and converted to digital information also. So 
why burden USGS with butli maps and pliotograplis? 
Leave some for NASA. 

QUERY: How much souhscarcliing lia^c you dtmc 
about the frei|iieucy, format* and tcsolutlon of the 
product that you would like for NASA to deliver on a 
regular basis* if it could? 

LANDINI: As 1 understand it, all substances on tlic 
face of the iiarth reflect or absorb light to some dcgiec. 
And I can perceive tliesc, within the visible light 
spectrum, with iny eyes. And, generally, as a pianner, 1 
plan for tilings i can see. So well narrow down the 
spectrum band that way. I understand that it is possible 
to liavc equipment developed that could increase 
resolution down hi 10 meters. That is a hardware 
problem: a number of people have told me they think it 
can be solved. The problem seems to be, (lien. Iiandling 
tile massive amount of data which goes up exponentially 
witli tliat increase in resutution. I think, for a citywidc 
pass, 5 to 10 acres would be line. 

SCHWERTZ: Ten acres per map|)ing unit is used in 
the LUDA system for urban areas. You dso mentioned 
the desim to interface census tract data and census tract 
boundaries. Do you feel that the I Quaere minimum 
mapping unit, which is produced by LIIDA, is usefu! to 
the city of b)s Angeles and particularly to yourscH? 
And. if so. would you recommend this be used by other 
cities? 

LANDINI: I siispeci a little undercurrent of political 
activity exists here between jicoplc who arc digitally 
imented and |x'oplc who are cartographically oiiculcd in 
producing information. As I pointed out. 
photoitUerpretation is not ot* the hort/.oit in the 
planning process, not because photoiiitei pi elation is not 
a good technique, hut hccaiiAC there are not ciunigh 
trained |Koplc to do the photoinierpietulion. .\nd how 
do you rate reliability? I have some b.ukgnunul in 
testing. s(> I know I would not accept the jiidgmenl of 
one person rating soinelnuly else s |>eitoTinaiicc. 1 would 
have three |vople rate it amt average the scores. In 
]dtot<nnterpretation. we never even have one rater. 
I veryhody has always put one intciprctcr on one 
(ihotosheet. ami then taken that persoirs pidgtnenl. In 
using LUDA. you are even one more step removed , 
hewaoHC >ou do not even know who the iiitwiprelei was. 
I would favoi scatiiiiug at this point, not knowing 
anything ahoiii scanning vetsus c.iitogiap!nc leclmiqncs. 
sin; ply hec.uisc scanning eliminates Inimaii ciroi in 
diawing tioimdaries of land use. 

CARLSON: Joe (arKon. tr«>m Pul>lie rechnology. 




Tlie recomtncnduHoii of last year's summer study on 
Earth resources. If it limilly comes from the Sriace 
A])plications Board relatively iiiuitunged from what the 
panel recommended, docs in fact say that NA.Sa should 
take the next step toward an operational system, at least 
in the sense iif providing u lot more visibility within 
NASA toward the rci|Uircmcnls of state and Ureal 
govern meni users. Could you form an opinion as 
wlictUer it is po.ssible now. or in the rcusonubiy near 
liiturc, through some political compromise, to organl/e 
the users to (ell the L'edcral (hwerniiient wliut data 
products they would like to have? Arc there now eiiougl) 
people whi> have good enough ideas about what tlicy 
would like to have? Could they aggregate a market. 
stifUcicnt to go to (he Lcdcral (lovernment. or to private 
industry, and say, "We have difleriiig requirements, but 
there is a large degree of cointnonality to them, and if 
yon can deliver this kind of imagery, piocesscd or not 
processed in (his particular fashion, it will satisfy most 
of our needs"? Are we coming to this (H>int? Is it still 
some time off.’ Or will we never get there? 

LANDINI: The DSDl bulletin (number b7l ) on land 
use dassirtcalions was circulated among our staff and I 
comineutcd that it did not get down to lino enougli 
detail. However, the best land use map in the entire city 
of Los Angeles was drawn in H)73. in (lie lecImiMUc that 
) dc.scribcd. discrimiiuiting only among th.c 
categories of residential, couimcrcial. ami industiial. 
with some open space and some railroad yard ty|K* of 
activity. That ty|)c of map is already neing beaten by the 
type of product that I have seen Jim Wray do for 
Washington. 1)X\ So I think we have reached a t)<)int 
that we cork) follow the outlines of (he IJSDI 
classi Heat ions and stait trying to establish a consensus. I 
don't know how we get to that. I think it would Ire more 
complex than having soinchody Uini tnii a kind use map. 

CARLSON: Wiial is the greatest inhibitor of defining 
a common set of user requiiemciils of that s<u t? Is it the 
shortage <»l pliotoiiiterpreters? Or the diffctiiig 
rcipiircineiils between kinds of levels of govemmeiH? In 
other words, is it a lalnn problem ox a leipiiicments 
problem.’ 

LANDINI: I am suie that (lie people wfio talked 
about stale activities lutvc no pioblem with 
jiliotointcrpreters on tlicir staff. I am sine this is also 
true in the State of Califomia. paiticulaily in our 
Department of Highways. I am only talking vciy 
paiocli'iiily about my oitedenaMment. I dirn't elaini to 
be .1 pli«Uounerpretei I have nobody in the planning 
deparlmeiil who claiiin U. he .i pholointetpretei . I am 
tlie peison In tlu iep.iMment most himiliar with 
photogi;i)>hs, Inn I have never Wiuked an interfuetei. 
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If I were ti) mukc land use cliisNificatioiis from 
l>1u)U»ii(iaphs Ibr the first time, what rchuhitity wmikl 
ytm. as a liscr, put on them? 

SPEAKER: Ikcaiisc we have dificient people witli 
different problems in different areas i»f llic country, at 
different levels of irovernincnt. we will not he able to 
Uefiiie a liiiiBlc need. However, we are beginning to look 
at alu* natives and narrow down the approaches to any 
one priiblcin to a telativciy few alterinitives. In the 
coming itumlhs and years, we will develop a true 
consensus of one or IW4> preferred altematlvcs for u 
particular type of activity. Tlic more we leani. the more 
complex the problem gets, so the harder it is to come up 
with an ideal solution. Wlicti we were very naive, we 
could sit back and say, “Well, I can Hy that satellite up 
there, and it’s going to solve all my problems, from ilv: 
federal level down to Los Angeles.” We arc looking at 
just one tool, and we may need a handful of tools, but 
we will soon be able to define that hanJuiL 

CARLSON: After you define the needs, what forum 
do you think is the best means to Lommunicate that 
information to the federal Goverimwnt? Should a 
professional society do this? Or should you have a 
meeting where, presumably, somebiidy writes down 
everything that gets said and sends tliat to somebiidy at 
NASA, or NA.SA and X numlKr of other agencies, ami 
asks them to read It? What is the vehicle for transmission 
here? Or arc tlicrc a mtmiKr of them? 

LANDINl: I think the way it actually happens is 
througli grant applications. When people ask for money 
and money is given tliem to create a land use 
inlornuition system of some kind, tiic parameters of data 
that they gather and classify are specilled in the resulting 
work or in the grant application. This is where the real 
communication takes place. 

QUERY: When you refer to grant applications, arc 
you talking about something like section 20H, which 
s|)ccifies you arc supposed to solve a problem like 
st\)i in-water runolT and if you make the decision to use 
remote sensing, and if f f A approves, then it allows you 
to usc‘ its money for lha! purpirsc? Or are you lalkii.g 
about die typical NASA kind of giant application, in 
which you as a principal investigator (1*0 intoiul to show 
that, in fad. a particular sensor or processing tedmii|ue 
iM wliatever can deline the plieiioiuciia in which you aic 
interested* If yni mean the hitler. I think you have a 
translation oi mlerpretation piohicm lly li.iiishiling that 
Into a decisioinnaking pioeess, all the Pfs who looked a! 
that or variants o\ that parliciilat technical issue can 
somehow aggregate the results, 'that is a very dillicnli 
sort of llitng when, at the rUhcM end. lire p,uy who is 


funding Is, in fad. priuiaiily interested only m lire 
technical rcsidls with regard to the sensor. 

LANDINl: Ixl me refer you to Hmek faid’s 
picscntuthm (L-l I . vol. l-('). He explains what was done 
in one man’s instance. We did a study In which we asked 
|)eop)e to rank the importance of a number of vaiiablcs 
in their pluiming operations. Something like that might 
he appropriate. That met with a h>t of kudos, ami a lot 
of criticisms too. A lot of people have said, “Laml use 
planners in California must be cra/y tt> have chosen the 
items that they did.” And other |>cople have said, “Gee, 
lliat’s great that you got it down in writing, that you 
know whal these dinereiu agencies «eally want in tciuis 
ofland use items.” 

QUERY; One of llic great frustrations among NASA 
IKuiplc is that they see this gical, amoipliirus, 
una^^gregated blob of users, all of whom upi^ar, at least 
on the surface, to have different kinds of lecpiiiements. 
They have varying degrees i>f data processing cupabilily 
indumse, or money to buy it outside. Without a way to 
aggregate aiul derme common reiiuiremcnls amongst 
tliat amorphous blob, NASA has very little option 
except to continue doing what ii is now doing. WIicn. if 
ever, will it he |K>ssiblc for the users to begin on their 
own to break down into aggregated segments, at least? 

LANDINl: Census has the s:imc priiblem every 10 
years about wliat items to pul on the <|Mestioimaire. 
People in llic Census Bureau are already coiulucUng 
iulciviews. They go to prolessional organi/alions. hold 
public hearings, and comuiuiiicate through two 
ncwsU’llcr-ty|>e puldicalions. They have a whole 
educational process that I think is lacking in NASA. 
NASA, under its charter, may not he allowed to do this. 
Right now. a person must he a pretty dedicated user to 
find mit what is there. 

SPEAKER: Yon hit a major point aluntl education. I 
have the feeling that NASA is going through all kinds of 
gyialions. trying lo find out who the users are. I think 
the peopi*: at NASA are doing it willi s«une success, 
indicated just hy the number of people here who have 
not b**en at earlier confercnceN. 1he procesM’s must he 
interrelated. Y<m must go out and educate the |K*ople 
first, so that lhe> have some sense of whal you are 
talking to lliein about. And then you begin lo 
undcrMaiid their prohlems. Hut the uhimalc 
responsibility in codifying those prolilems intii 5 or 10 
areas iimsi remain with wimever is providing the 
inbumatioii; the provider caninri give up that 
lesponsibiliiy. I he souiheaslerii slates and stnnc oibei 
areas have icgitMial giou|>s. .Some fvople liom the 
MUitlivastem Mates h ive been meeting lo try lc» deline 


mil needs so ilul. tlirou^di our own hnthitivc, we can 
come to NASA or to tJSCtS m wliatcvei agency is 
appropriate, ami say. *'l1icsc nv*y not be all the needs 
yoiril find in oiir area, hut ' arc five that we can 
u^icc on/* Tins kind of action may |*ei those live up to a 
lii{’liet priority. 

WATKlNr: The liROS Data Center at Sioux Falls, 
South Dakoia, does have u training mission and 
capability ami docs conduct workslio|>s and has user 
c niact facilities in places throughout the country. 

ANDERSON: 1 just wanted to comment about the 
mutter of error 1 think we have to be very careful not to 
get a mistaken idea. What we arc doing here is 
substituting one set of skills for another, and it is quite 
important that this be recogiti/cd. A great deal of skill 
on someone's part is required to properly choose 
training sites to do automatic classificutions of land use 
and !at.d cover patterns. We do need to take, 1 think, u 
closer and cUnier look at the accuracy with which we do 
these things. I believe it is possible to get an objective 
cvalitalion of the product. We liave a human being 
working on automatic classification and that 
classilicalion is subject to error. The better job that 
person does, the bettci the clas.si Heat ion will he. 

LANDINi: It does take the same skills for automatic 
or manual class! tication. The jTossihle advantage of 
machine classitkalion that we siili need to exploit Is 
more production per unit. The real choice of manual 
versus inaclune interpretation techniques should be 
bused on the total pluses and inimiscs and on the 
supplementary or complementary aspects of (he various 
systems. 

QUERY: After the keys arc built for machine 
interpretation of data, for example, for the L>s Angeles 
area in (he fall, uro tliose keys gi.ing u\ i»*»«:iin valid fall 
after fall after fall? Am I correct that llic greatest 
|H>tcii(ial benclil of kindsal material to any user is its 
time sequence availability? And I would venture to say 
(hat you canittit interpret those phoiograplis hy bund. 

SPEAKER: If one is comparing one system against 
atioihcr. he must compare the total system. In order to 
do that, he mm;' identify all the parameters, such as the 
skills involved (piiolointerproters versus computer 
prograiners, for example). Hut there are many other 
factors, such as the iuig>nal cost ol (he system and the 
cost of developing and o|K'uitiiig the system. Katlicr 
than considering accuracy in teims of (lie informal hm 
derived troiii rcu:otciy sensed data, I prefer to consider 
the .iccuracy produced as the end result of the system. 
Other factors to consider are tlexihrlity and time 
response. I cannot see that anyone cun draw any 


cirndusions about the advantage of one system over 
another without looking at the total system. 

HILL: Chris Hill, Washington University. I wanted to 
return to the question of user needs aggregation. We 
have had at Washington University for about a year a 
contract with NASA Headquarters to do a user needs 
study in five states in the Midwest. And 1 understand 
some (»f our colleagues at City University of New York 
will soon be embarked on the same sort of thing in the 
East. It is clear that few players right now in (his game 
arc trying to look beyond their own discipline and trying 
to match, across the board, what is available to what is 
needed. We are tryittg to do this. We want to hear people 
tell us what we ought to be doing. But we arc interested, 
eventually, in laying out one or more alternative 
systems, which would do the sort of thing ^ ou were 
discussing earlier: provide, on a regular basis, the kind of 
imagery that people need. What is the major barrier? Of 
course, it is, first, lack of money. However, a broad gulf 
of misutrdcrstandttig exists at all levels. I have yet to talk 
to anyone in NASA, and to very few people at the stale 
and local level, who really appreciate \vi'.a( the other guy 
is trying to say. And I suspect that in a few smaller 
rooms, we could get quite a bit closer to the sidution. I 
hope wo can begin derming needs and defining systems 
so tliui we can move on. 

SPEAKER: I would like to make several points on 
the subject of accuracy. If you assume that you have an 
unbiased method of determining accuracy, then the 
difference between accuracy and precision Is simply 
your bias. But I do not helieve we should be talking 
about accuracy of maps; we sluHild be talking about 
precision. And that precision is measured by variances. 

With any type of information gatlterlng system, we \ 
slumid ask: What is the probability of Us l>cing right or ^ 
wrong? i do not (>eliove it makes any difference whether 
you have data that arc 50 (K^rcent accurate, or (>0 or 70 
or HO |)crcent. As long as you know what the risk is. you 
can assess the consequences of Iretng wrong. This is true 
with pholointcrprctulioii. 1 get u photointerpreter 1 
think is pretty good, hut I have (o look at the 
probahilily of his being right or wrong. And that goes 
back tik this business of precision; that is how you 
estimate probability. I have yet to see a laud use map \ 
with a pteeisioii level a.^soeiated with it. I have heard a 
lot of accuracy ligtires. hut I have never seen one with a 
piceisioti figure attached to it. I mean. Ibi any tuniit on 
a map. what is the probahilily that when I get to that 
point cm the gmuiul. I will Ik' standing on what (lie map 
told me is there? If the map vty;% grass, what is the 
prohahility I will Ik* slanding on guss when ! walk 
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there? There ought to be u probability associated witli 
each map and with each class on that map. Generally 
speaking, some will be low and some will be high. 
Suppose I make the decision to boy smite land because 
tlte map indicates it is a good area to build houses. What 
is the probability that I will go out there and find it’s a 
pond? 

LANDINI: In the LUMIS project, we actually tried to 
specify that the data were within 40 feet of true ground 
location. 

SPEAKER: Positional accuracy is not what you want. 
It doesn't matter if a feature is mislocated by 40 feet or 
100 feet if It isn’t there at all. What is the probability 
associated with the accuracy of that point? I see two 
types of error. Let us consider as an example a 
photointerpreter who is doing forest classification. He 
has the problem of positional accuracy: where and how 
big is the forest? And he has the problem of how reliable 
iic is ill csiablishiiig the differeiices uiuong forest 


WINIKKA: I want to emphasi/e the importana: of 
multilevel information: ground level, low altitude, high 
altitude, and satellite. We arc doing two tliing.s. 
combining information as well as identifying it. The 
critical thing here is to what level this information can 
be identified and aggregated. If you tried to aggregate 
over 5000 square statute miles using field methods, you 
would be in a horrible mess. The ability to aggregate the 
total picture in a short time is. I think, the answer to the 
question of the efficiency of any layer. If you can 
yggfcgate what the next layer down is doing, that might 
be the level to be working. 

LANDINI: In Los Angeles, as an example, we have 
had some very low-level color-infrared photography, on 
a scale of about 1 :5000, in which we tried to evaluate 
the condition of backyards. We would never attempt to 
do that by a scanner technique. It is much faster to roll 
tins map sheet until you get to the frame you want, look 
at that backyard, make a jadg’.nent. and write it down 
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U-1. Remote Sensing, a Sketch 
of the Technology 

David iMndffeb^ 


PREFACE 

The organising committee of this session saw it to be 
a very brief version of the information systems and 
services session. The purpose is to provide, briefly, 
information on how a potential user of remote-sensing 
technology can gain access to all of the products and 
services he wilt need to get started* It was envisioned 
that these include data, training, hardware, and software. 

Since the assumption is that many arc receiving their 
first exposure to this technology, the organizing 
committee felt it desirable to have a very brief tutorial 
summary of the fundamentals of the technology. The 
statement which follows was given to serve that purpose. 
This statement is abstracted from a longer presentation 
originally given before the Intcmatioiial Workshop on 
Earth Resource Surveys held in Ann Arbor, Michigan, 
May 3 to 1 4, 1 971. (This longer version is available in 
NASA SP-283, voL I , pp. 1 39-1 54.) 

During this session, the chairman read into the record 
a statement by Senator Frank E. Moss (I>Utali), 
chairman. Committee on Aeronautical and Space 
Sciences, entitled "The Need for Expediting Landsitt 
Data DistribuiUm.*' Tliis statement was written 
stKcitlcally for this symposium and is included in its 
entirety in the ap|K*mli\ to U-1 . 


A REMOTE-SENSING SYSTEM OVERVIEW 

llcfore one can contemplate beginning to use 
reniofe-scnsing technology in a routine or <iperatiotial 
fashion, it is desirable to have clearly in iniiul an 


twerview of what such a system is and what some of the 

■ aiiu iiawui^ \jn ltd upvaaviuii uiv* t i id 


a diagram of the organization of an Earth survey system. 
It consists of several major subsystems. It is necessary, of 
course, to have a sensor system viewing the portion of 
the Earth under amsidcration. There wilt be a certain 
anu)unt of onboard data processing. This wilt perhaps 
include the merging of data from odier sources, such as 
sensor calibration and data about where the sensor is 
pointed. 

One must next transport the data back to Earth for 
further processing and analysis. This may be done 
through a telemetry system, as in the Landsat series, or 
by return of a physical package, as was done with 
Sky tab. There is then usually a need lor certain 
preprocessing of the data before the final processing 
with itne or more data reduction algoritliim. At this 
point in the system, wltcn the data are reduced to 
information, it is usually helpful tt> merge ancillary 
information, perhaps derived from sources on the 
surface on the Earth. 

An important part of the system which must not be 
oVi rliHikcd is indicated by the last hlitck in figure I , that 
of infortnali<Hi consumption, because there is m>rcas«m 
to go throiiglt the whole exercise unless the information 
prtKlticcd is to he used. In the case ol Earth resource 
informaluni systems, this Iasi p<»rtion can prov to he 
the most challenging to design and organi/c, hecaiise 
many |H>tenlial ctuisuiitcrs c»f this iiiformalitHi are not 
accustomed to receiving it from such a system. 

I he part of the physical system in friUit of the scnsiii 
is also part of the inhmnatioii system. I refer to the 
attiiospliere and the Earth surlacc cover itsell . As a result 
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l igufj 1 . Oigani/ulion ol' un liurth ^mrvcy system. 


of this, the operator of the system must take special 
precautions to be sure he understands the physical 
situation he is dealing with to the greatest extent 
possible. 

THE DUALITY OF SYSTEM TYPES 

Wlicn we consider the state of the art of remote 
sensing today, a duality ol’ systc.n types becomes readily 
apparent. Development hi the field has had two major 
stems since it originated 1‘rom two somewhat dilferent 
types of technology. These two types of systems will be 
referred to here as being (I ) image oriented and 
(2) lunnerically oriented. 

An example of an image*oricnled system might 

simply he an aerial camera and pliololntcrprctei. Hie 

photographic film is used to measure anil record the 

spatia. variations of the elect roinagiiclic fields, and the 

pliotoinlerprcler relates these variations to specific 

classes of surface cover. Numerically oiicnlei! systems on 

the other hand Icml tt> involve computers lor data 

analysts. Altln^iigh the photoiiitcrprctcr and the 

i‘, lit Ito IIil* I WO 
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system types, it would he an oversimplification and 
indeed incorrect to say that they arc unk|ucly related to 
these two system types. Tliis becomes dearer uptm 
further examination. 

Figure 2 compares the organi/atioii of the two system 
types. Both types of systems need a sensor and some 
preprocessing. The distinction between tlic iy\Ks can 
perhaps be brought out most clearly by noting tlic 
hKation of the formed image block in the two diagrams. 
In the image-oriented type, it is hi line with the data 
stream and must precede the analysis block. Numerically 
oriented systems i>n the other hand need not necessarily 
coiiiutn a formed image block. Il they do, aiul in Farth 
resources they usually ih». It may he at the side the 
data stream as shown. This is because its purpose is In 
monitor the *)|icialMm of the system and |Krha|is to do 
some s|Kciab|Hir|HKsc analysis as needed. 

THE MULTISPECTRAL APPROACH 

We will illustrate further the distinefiem Irelwcen 
these two system ly|K‘shy the loUowing simple example 
which also serves In introduce Ihe idea ol the 
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Num«rical orientation 

l igurc 2 . CfCiicral organi/ulion nf' imagL'-oricnicii and 
tiuiiicrically oricntcil %yMoms. 


multispectr;il approuclt. CoiisiUcr llgwre 3* Tins figure 
shows a small segment t)l an agricultural scene Imaged in 
three diiTcicnt Tashions. On the left is an image ol the 
scene made with ordinary panchrmnalic hlack-and-wliilc 
film; the center image was made with black-and-white 
infrared film. The image on the right is an artist's 
concept of what tills same scene looks like in a |»rtion 
of the thermal infrared part of the sj>cctriiin. Suppose 
now that the four types of iiarlli surface cover identified 
in this scene are exhaustive In u sense that for a larger 
area to he analyzed only tlicse four classes of liartli 
surface cover exist. 

Suppose our interest is to locate all the corn In the 
area. Thus, by examining the data of figure 3 wc must 
devise a means for identifying corn relative to tlic other 
thiec classes^ . A close inspection of the com area shows 
(hat it has a dislincttve texture that ts not present in the 
other three classes of material. Thus, wc may identify 
corn relative to the other classes by noting all parts of 
the scene tiiat have that unusual lext%irc. 
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111 this case, we have used an iinagiMiricntcd 
approach. Texture is an image-oriented characteristic, 
tme which is used extensively in the interpretation of 
imagery. It is. however, difftcult lti devise an algorithm 
which will dcllnc a unique quantitative rclatitinsliip 
between “texture** and set of numbers. 

This dilTtculty in the face of the importance of the 
problem, particularly with regard to anuiy/ing Earth 
obscrvalHMial data by computer, has led to the 
development of the so-called inultis|Kctral approach. 
Tliis approach is nmcli more suited to numerical 
mtMhods. It may be qualitatively described us follows. 
Notice tlial in viewing the corn area from band to band 
across the three bands, we see medium-gray, dark-gray, 
and liglit-gray response, respectively. Notice also that 
this same pattern of responses does not occur for any of 
tlic three other materials. This is the basis then of using 
pattern recognition methods on nuiltispcclral data. The 
relative rcspiHisc (degree of urayiicss) is very easy 
quantify. 

Let IIS explore this approach in slightly more 
quantitative detail. Consider figure 4 . Shown at the lop 
of this figure is tlic rclalive rcstxmsc as :i function of 
wavelength for three different materials: vegetation, soil, 
and water. Lei us chtwise two wavelengths, marked X| 
and X-). on the wavelength scale. Shown in the lower 
part of this figure arc response data for these tince 
materials at Iheyc two wavelengths, plotted with rcs)>cct 
to one anotiier. ♦ or example, in the up|Kr grapli. soil has 
the largest response at wavclcnglh X|. This maiiife.sts 
itself ill the lower plot in that soil has the largest abscissa 
value (thegreatesr displacement to the tight). 

It is readily apparent that two materials luiving 
diflciciit responses as a fniiction of wavelength will lie in 
dincTcnl iHirtions ol two-dimensional s|xice. Ileasc note 
from this that the concept of s|KClral ulentifiahility isa 
relative one. One cannot know tliut vegetation Itas a 
iiiii(|ue spectral response wliich makes it identifiahle. for 
example, until true secs the plots resullitig from tlic 
s|K'ctral res|xmses of the other materials within the scene 
In Ik* analyzed. Note alsti that a larger iiiiniher of hands 
can lie used. The res|xiiisc at X^ C4mld he used and the 
data piolted in tliicc dimensions. I'oiir or iihne 
dimensiiiiis indeed have meaning and utility even ihmigli 
an actual plot «il the ilata is not possible. 
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^2 • 
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I'igiirc 4. Spci'iral data in two-diincnstonal space. 


CLOSURE 

r>4»m this simple example of analysis viewed in these 
two ways. |K*rhaps the distinction iKlwcen tliese two 
stems of tcclmology is apparent. It is quite important to 
know wlicn considering a piece ot‘ hardware, a piece ol 
S4iftware, a particular sensor system. the like, which 
type of system the designer had in mimL These two 
stems of technology are indeed fundatneiilally ilifi>rent. 
■fliis implies tliat they are optimally useful for different 
problems. One of the tasks ol tlic |X)tenli:il user is t«» 
discern wliicli 4»f the lechnotogies. ami tlierclore wliicli 
fiieces ol hardware, software, el cetera, will Ik* Ik'sI I«m 
tile task he has hi mind. 




U-1 APPENDIX 


THE NEED FOR EXPEDITING LANDSAT DATA DISTRIBUTION 


Statement of Senator Frank F Moss (D*Utahl 
Chairtnan, Coumiittee on Aeronautical and Space Sciences 
A t the Earth Resources Sumy Sytufyosium 
June J975 


1 have a personal interest in the Landsat program 
because I believe it typifies the best of what space has to 
offer us. St> I have been concerned that the success «t 
the Landsat experiment might be jeopardi/cd by a 
logistics problem with the data. In sliort, the delay in 
getting the data to sonic of the principal investigators is 
excessive. 

Of course, for some investigators, the delay is 
acceptable. However, those investigators using Landsat 
to nmnitor agriculture may not he getting the 
infonnatioii in time to coiu'iuct their experiments 
effectively. 

Other investigators of short-lived phenomena no 
doubt arc also adversely affected, such as in sea-ice 
monitoring, hut agriculture is somewhat uniunc: 
agricultural licnefits arc part of the backbone of the 
potential economic return from Landsat. 

Leon, Incorporated, of Princeton. New Jersey, 
recently released a study c<iiiduclcd for NASA entitled 
•'The Lcononiic Value of Remote Sensing of liarth 
Resources from Space; An URTS Overview and the 
Value of Continuity of Service/* In assessing the 
ptUential economic impact of Landsat. it found that the 
potential dtdiar value of hencllls in agriculture 
constitute more than the potential value of the licnetlls 
In all other ureas combined. 

Now. this study is certainly not the last word tm 
Lands;it*s economic worth. Smrre debate the report s 
underlying assumptions and i|iiibblc over mimhers. 
However, a general eoncluslon remains unassailahte: 
Anything that jeopardizes the eftec.i e rise ol Landsat 
data in agricultural applications .wwcrely limits the 
benefils of La*.dsal ilscll. 


It is my understanding that the principal investigators 
working in agriculture receive the data several weeks 
after the satellite passes over a given area. And 
representatives o'* the Department of Agriculture have 
told my staff that this delay seriously hampers the 
experiments rciuicu iu iigficulturc. 

Perhaps in our excitement over launching Landsat 
and in our pride over its imagery, we have smnewhat 
neglected the eiiually Important iurllicr steins t>f imagery 
processing and immediate distribution to the 
investigators. 

('ritics have said that improvements in the speed of 
imagery processing and of disirihuticm to users cannot 
be jiistiried as long as ll.e system is cx|icriincntal. Wait 
until the ijystcm is operational, wc arc told. Such an 
approach would hobble the Landsat experiment because 
the work of the principal investigators is almost as niiicli 
a part of Landsat as is the satellite ilselL A fair test ol 
tlie overall system’s merits must include a sincere 
evaluation of the utility of its data. 

I think it would be tragic indeed if a mere logistical 
problem over data handling impedes the success of Ibis 
extraordinary system. ('iHisenucntly, I plan to do all I 
can to cx|vdilo the imagery convcision and data 
distribution pr<K*ess. I have jiisl written Dr. Llelcher. Ww 
ad ’inislTiitor of NASA, expressing my views on this 
matter. And I have rei|ucsted him determine what 
steps are necessary to reduce the delay to «»nly a lew 
days. I believe tlia! nuich iKriter |ierlotmance in data 
handling is feasilile and that It will cost a relatively small 
amount compared to the overall investment in the 
Luiuhn program. I hope that a sohitioii c;m be 
implemented rapidly. 
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U-2. Data Availability and the Role of the 
Earth Resources Observation Systems 

Data Center 


INTRODUCTION 

Wilh the launch of Lindsat-I in July 1972, and tlic 
follow-on launch of Landsat-2 in January of this year, 
routine avaiiabitity of satellite imagery and electronic 
data of the Harlirs resources has become a reality. The 
U,S. Department <if Agriculture (USDA), the National 
Oceanic and Atmospheric Administration (NOAA), and 
the U.S, Department of the Interior (USDD.ctHtperaling 

tabu: I. 


with the National Aeronautics and Space Administration 
<NA,'!A), have eslabltshcd Federal Data Centers to 
provide Landsat data to resource managers and tlic 
general public. Tlicsc Federal Data Centers Itave to date 
provided almost 5G0 000 frames of Landsat data at a 
cost ot' more than S2 GUO 000. Data from the Landsat 
suicltilc program. aUrng with data and itiformaiion from 
liie Sky lab manned program, are available over any 
location to anyone for llic cost of reproduction (t:it>|c \ V 


I ANDSAT DATA AVAILABILITY* 
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L.ocatiou 

Sources of material 

Sulos 

Wesicin Aerial Pln»t») Lah 
D.S. DcpartinciU ol A^iiciillurc 
:505 Parley 's Way 
Sail Lake Cily. Ulali X4IIW 
Telepli.iite K()l.;;:4-5S5<> 

Lands;it 

USDA aerial plioiograpliy 
Skylah imagery 

Sat cl lit ' Data Services Branch ■ D54.^ 
i:nviionmcrKal Data Service 
National Oceanic and Atmospheric 
Admmistralion 

World Weather Building - Km in (dWi 
Wiishtngion, !).( . 2()2.L^ 
relepinme 30l-7(i.V8l 1 1 

Landsat 

NO A A satellites 
Skylah imagery 

1 ROS Data ( enter 
CswM Services Department 
.Sioux Falls, S, Dak .^7198 
1elcphone(d).S-594.h5l l.exi. I5I 
I I S 005 5'M ol5l 

Landsat 

NASA research aiicralt 

DSDI aerial mapping photography 

Skyiali, Apollo, and (icmhii imagery 


*M)II Minv cuimnouia. phoiogtuphk l.iivn.itoiies wiil custom piuLVss 
I and VI I and oihoi satellite im.igety hui do iiol h.nc auhivat masieisot 
I aiidsa! holdings. 
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THE EROS DATA CENTER 

One i>r the tlircc principal Fcilcral Data Centers, the 
Earth Resources Observation Systems (EROS) Data 
Center is administered by the U.S. Geological Survey for 
the USDL The center is a principal operating element of 
the EROS program, which was initiated in 1966 to apply 
remote-sensing technii|ucs to resources inventory, 
monitoring, and management. It provides products in 
the form of remote-sensing data acquired from NASA 
satellite and aircraft projects, along with aerial mapping 
pliotography held by t ic USDl. The center also provides 
services in tltc uppi cation i>f remotely sensed data to 
resource inventory, monitoring, and manage tnent 
activities. Tficse services take the form of both domestic 
and intcrnatiuiial training, preparation of educational 
aids, the conduct and documentation of applications 
dcinonstratum projects, and day-to-day applications 
assistance in the use of special analysis equipment. 

The EROS Data Center was established in 1 972, and 
was moved into its 1 25 000-s(]uarc-foot complex in early 
1974. Tire South Dakota site (16 miles northeast of 


Sioux Fails) was selected because of its central location 
and potential to receive telemetry data from satellites in 
a Landsat-type 4>rbit in real lime over any poriitm of the 
lower 48 states. In 18 months, the staff of the center has 
increased from approximately 60 to more than 300. 

Data holdings at the center include over 500 000 
frames of Laiidsal imagery; Landsat electronic data in 
the form of computcr-conipatihle tapes; over 40000 
frames of Skylah, Apollo, and Gemini spacecraft data; 
more than 1 800 000 frames of data from the NASA 
research aircraft program; and almost 4 000 000 frames 
of USDI aerial mapping photography (table 11). Products 
from this data base are available in color or 
black-and-white photographic images, ranging in si/c 
from 16 millimeters througli 40 inches, and in 
computer-compatible taix? (CCT). in 7- or 9-uack and 
800- or I600'bit/in. formats. In addition, data catalogs 
and s|Kcialixcd cmnputcr search listings are avuitabic 
upon request. Typical prices of imagery arc $2 h>r a 
9-inclt black-and-white paper print. S30 foi a 40-!i»ch 
color paper print, and S200 foi a CCT set of the four 
Landsat bands. 


TABLE II. EROS DATA CENTER DATA BASE SIZE AND PRODUCT AVAILABILITY 


Data types 

Current holdings, 
frames 

Products available 

Landsat data 
(miiltispectral scanner 
and return beam vidicon) 

.S30 000 

Prints and transparencies, color or black and white, 1(> miu 
through 40 by 40 in. 

Compute r-c«mipatible tapes. 7 or 9 track, 800/1600 bMs/itt. 
Catalogs and searcli listings 

Skylab. Apollo, and Gemini 
space data 

40UU() 

prints and transparencies, c«)hu or black and white. I(« mm 
IhiiHigh 40 by 40 in. 

('ompuler-compatihle tatx?s from electronic sensors 
Catalogs and search listings 

NASA research aircraft 
imagery 

1 mx) (M)() 

prints and Iransi arencies. color or black ard while. l6 mm 
Ihrmigh 40 by 40 in. 

Search listings 

USDI aerial mapping 
photograpliy 

3 7(10 000 

Prints and transparencies, black and while. I6 mm 
through 40 by 40 in. 

Photographic indexes 
Seal ell listings 

T«»tal 

h 070 0(H) 




Al the heart of the data center U a central comiHitcr 
complex, which ci>ntrols and accesses a data base i>l the 
more than (> 000 000 frames of liarlh resources data, 
pcrfi>rms searches of sirccitlc geographic areas ot 
interest, and serves as a management Um\ lor the entire 
data reproduction process. The c(»mputeri/.cd data 
storage and retrieval system is based a geographic 
system of latitude and longitude, supplcuientcd by sudr 
information as image quality, cltnid cewer, and iy|>c ol 
data. A customer's inquiry as Uy data avaibhilily may be 
a gci»graphic point location or a rcctangulai area 
hounded by latitude and huig* adc. Based on the 
customer requirements and the use io he made ol the 
data, a computer geographic search will print out a 
listing of available imagery from which a final selection 
can be made. 


DATA USERS AND DEMAND 


cuslitmcrs comprise a larger percentage at 20 percent, 
second only U.S. private industry al 24 percent. It 
should be recognized that there is very little foreign 
ciwcrage from a!rcralt platlorius available Iroin the 

|:R0S Data Center. ... 

Conipiiter'compatlble la|)cs or electronic data lor the 
past 12 months comprise 1.2 percent total ^rimc 
volume, but accimiit for 10 percent of total dollar sales. 

A Unik at tite principal users and purchases r>f HROS 
Data Center products reveals that almost all categories ol 
U.S. industry and a wide variety of Federal, State, *»nd 
hwal government agencies uic currently using the data 
for a variety 4 >f applications. Tlic principal appileatum ol 
the data appears to he mineral and fossil luel exploration 
and related geologic base mapping activities ot the major 
petroleum and mining companies. This area would 
appear to account for almost 50 percent of total sales of 
data from the center. 


Tlic demand for renu>tc*sensing data from the FROS 
Data ('enter has continued tt» increase Inith in volume ol 
franws and dollar value. In fiscal year l(>5 (K)0 

frames of data were supplied to the user coimmmity. 
The total grew to almost .WOOD frames in fiscal year 

1074, and will exceed 400000 Irames in fiscal year 

1075. The fastest growing product demand is in the area 
of l.andsat electronic data provided in the form ol 
coinput ernrompattblc tapes. From fiscal year 1074 iti 
fiscal >car 1075. the user community demand for this 
product increased 2<>0 percent, l.andsat imagciy in this 
saiiW |K*riod slu»wcd an increase ol IH percent, while 
Skylah and Apollo data increased 02 |Krccnt. largely as a 
result ol the now Skylah data. Aircraft data, both NASA 
and USDL showed an increase of 7o percent. This 
resulted in an overall 45*percent increase In liame 
demand for all prtuliicts liom the data ceutci. At the 
same time, dollar income al the center increased by 1*4 


irerceiit from fiscal year 1*>73 to fiscal year 1 074, and by 
01 (vreent from fiscal year 1074 to fiscal year 1075. 
with total dollar irreome from the sale ol data exceeding 
SlbOlHHJO m fiscal year 1075. Approximately 55 
percent trf the pnHlucI demand at the center is toi 
Famlsat data, fhe custmner profile Un prrichascol data 
shows that private nuluslty is the largest single 
pmchasei, wiih .10 percenl o\ fhe lr*tal dollar Viiliic. 
ageiicres id fhe Federal liovenmrerrt come next with 24 
percent. Academic arrd educational rnstilntiinis accoirirl 
loi lo peiccni ol data ■^alc'^, wlretcas loieigii ciislomcts 
comprise 12 percent, liidivuluals aird slate and h>c.il 
government ageircics comprise the remainder . When we 
fr*i»rv oiily at I andsaS data >.ilcs, vve Siiid that fi»tCigii 


CURRENT DELIVERY AND 
QUALITY PERFORMANCE 

(\nncideiit with its 1074 move, the center received 
worldwide puhlkily in the technical and p rpular press, 
and, as a result, was deluged with requests fi»r 
information and with mders lor data. This was a 
particularly difficult tieriod lor the center and data 
delivery delays were excessive. The uvetuge delivery lime 
foi data has ntrw decreased to approximately 2 weeks 
following receipt of the order at the data center, with a 
median delivery time of 10 days. Duiiiig the peihKl of 
August 1074 to Maicit 1075, 7(> ircrcent or lb 405 
orders were shipped prim to 14.7 calendar days. Moie 
than 20 (MX) of a t otal 21 500 orders were shipped in less 
than 5.^ days. In the past IK months, the |Krccnlugc of 
oidcis shipped older than .todays has decreased lioni •»! 
percenl to less Itiun 4 ^rcMceni. 

All prrHlucts from the center arc instrected by a 
quality control stall helot c shipirreirt. ( usiomcr 
leedhack mi prepaid postcards included with each 
shipment has corisislenlly indicated good qtiality or 
heMei for appmximalcly 'fO percent of orders shipped. 


HOW TO OBTAIN DATA 

bu|uiries conceinriig availability ol data forwarded to 
the FROS Data tVniei initiate a geographic computer 
seaicfr t«* deter mine data available over a specified area 
ot intcTest. Ihrs coiripiilct searclr can he initialed by 
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one of the MKOS Applications Assistance P'acitities 
throiighont the cminiiy. An ttuiiihy form Is avuilahlc tor 
you ti) rciincst iMtbrmation on availahto amra^c over 
your area of interest. Kcijiicsts for a geographic search 
may take the form oi a pin^it search where all images 
over any portion of the point will Ik included or a 
reclungutar inctluHl where any urea Inninded by latitude 
and hmgitude can he described. An eight -sided polygon 
can also be used to specify tiie geographic area i>f 
interest. Latitude and longitude coordinate sirccilication 
is preferred since this is the method required for tiie 
computer geographic scarcli. Additional inhumation 
must he included covering acceptable dates and seasons 
of expiKSurc, type of imagery preferred* cloud cover* 
quality* etc. Gciigrapliic areas must be clearly identified 
and should be liiiutcd in si/.c as mucli as possible to 
avoid potentially voUnninoiis output and the need to 
interpret large numbers of choices. 

piillnvvion rcccIpt *>f u!! !!U[i!ines, Fcsoarchers 
communicate with the central computer complex, which 
re.sults in a printout of all imagery meeting the s|Kcificd 
criteria. This compuler listing is then used by the 
researchers to screen micri>filin copic" of the over 
(> 000 OOO-franic data base to better select the most 
suitable data. The compuler listing CiuUains all images 
jvailahie <wer the area of interest wiiicli satisfy the 
supplemental data supplied with the inquiry, liach imago 
is dcscril>ed by tw<r printed lines on tiie computer listing, 
wiiich detail tiie characteristics id the parliciiiar image or 
plu'tngraph. A luimlier of entries may be fisted* 
depending upon the si/.e of area selected and the 
restriction of snpplemontal data. Imagery m.t t)C 
available Irtun more Ilian one source, for example, 
Landsat. .Skylab. NASA aircraft, or aerial mapping 
pliotography. Thus, each entry on the computer listing 
must he carefully .studied to determine the Iwsi selection 
tor the inlciidcd application. A tompialc for decoding 
the computer listing is provided for use with tlie 
printtHil. After rescaichcis select the nmst suitable data 
for the inteiuled application, an ordei fmin is 
transmitted diiectly to the c.^Mpulei. whicli initiates 
processing. According ti» ilie reproduction requiremculs. 
the original pthil mast* ts are retrieved from Itie archival 
storage ate i and roiitc.l through staging to tiie applicahle 
product gcncrati'.ti line. A variety of high-quality 
photograpliie ninlets is available. I ollowing piiiitiiig. 
tlie exposed imagery is united to one id H) lilgh-s(vod 
processors that vary in si/e from lo millini der luicrolilm 
processors to 5 '-inch tdack-aiul-whitc and cidni papei oi 
tilm provcssois. Mie products are tlien KM) peivetit 


inspected and stampei wllli a nniipie code identifying 
the final hispccloi. Iiulividnal images are then cut ami 
collated* placed in disseimnuiioii bins* and shipped upon 
completion of order processing. 

Orders for reproductions of data from tiu? LUOS 
Data ( enter are accepted trmn individuals* govcinmenl 
orguni/atioiis* universities, and industries from the 
United Slates and all foreign countries* All orders tiuist 
he accompanied by check, money order, purchase order* 
or aiithori>:cd account Identification, and processing 
cannot be initiated until valid and accurate payment is 
received. 

*S landing m ipen accounts may be establislied l>y 
rciKtitive users. To open a standing account* a check 
must be remitted for the amount \k deposited. 
(Tistoniers will be Informed of the accomil miinhcr and 
future orders can be placed referencing this open 
account number. A SIOC) miniimim is required to 
os<nb|K|i an initial statiding account, and cMst*Mnc!s may 
obtain a refund of the niuisod |H>rtion at any time. 

Qnuliry of the reproduction cannot he improved over 
the quality of the master film. You may find that a 
product has cetlain quality defects such as small 
scialchos. pinholes* or stains* or that color balance or 
density of the reproduction is not exactly as you think it 
should he. In these cases* you may Ik* assured tliat it has 
been inspected against the quality of the <rrigiiial 
reproducible and everything has been done to produce as 
giHul a priKluct as is possible. All shipiiKiits are jncpatil, 
and no postage charges are made. With each outgoing 
order, a prepaid |>irslagc card is incliidcd soliciting 
comments. 

A unique set of Laiulsiit scenes covering the 
coterminous United States is available from the center. 
The 470 scenes rcvpiired to cover the United Slates are 
available in a single hlack-aml-wlnte hand* all four hands 
ol black and wliite. and liiglwpiality c«doi composites. 

I he specific Lands:il scenes selected for tlie single 
landsat coverage of the United Stales were chosen on 
the basis o) quality* season, and tnhiitnmn cloud cover. 
The scenes are cataloged on the basis of tlie newly 
adopted landsat worldwide leteicnce system which 
uniquely identities each nominal cenlei point based on 
path (oibit) mimher and row immbef. This unique 
woildwule releieike system of nominal cenlet points lot 
i.andsal data can be useil to efficienily consliucl 
counlry-by-conniiy catalogs of data, meeting nsei 
specified crileiia. Maps aie tiow being piepared amt will 
soon be avail.ible. sliowing each iioniinal center point of 
I.andsal imagery foi the entire worhl. 
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CuHtom pruccssiug to »pcdul scales, formats, aiul 
processing ciKctia is available from the data center. 
These services normally rcipiire longer periods of time 
for ci>niplctitm, and pricing is based on three times the 
standard price. In addition, u priority system for rapid 
delivery of standard products is available whereby 
products will be shipped within 5 days Inim receipt ol 
order. To provide tins service, three times the standard 
price is charged and priority processing will %,n!y he 
accepted where imagery is sirccifically idcntiiled, 
standard products ordered, and payment is enclosed or 
credit available. 

Two options are available for placing standing orders 
for cither data or iiiforination from the LROS Data 
Center: (l)Yoii may specify an area from which any 
new Lands;U imagery received during a given |>cri«Kl will 
be automatically reproduced and shipped to you; or 
(2) You may si>ccify an area for which the data center 
will notify you of any new Uirdsat imagery received and 
the onlcr can subsequently be placctl Iry you. 


Copies of data held at the KROS Data Center arc 
available to all individuals from all ciuintrics. AH 
payments for foreign orders should Ire made in U.S. 
dollars and cenis. In preparing payment, it is suggested 
that the foreign customer ask a local bunk to make any 
necessary currency rate ndiustment. The check or imnicy 
order slumid Ire made payable to the U.S. Geological 
Survey and .should he made out in U.S. dollars and cents. 
Payment must accoiU|xmy the order. Most hanks charge 
a nominal prircessing or exchange fee. Therefore, 
customers should ensure (bat this fee will not l>e 
deducted from the check which wilt be submitted tor 
payment. 

APPLICATIONS ASSISTANCE FACILITIES 

In addition to the central facilities near Sioux i*alls. 
the HROS Data ('enter operates a mimher of l:ROS 
Applications Assistance l‘aci!ilics (llg. I). where the 
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piil)lic may view inicrofilm copies of imugery tivulbblc 
from the data center and can receive assistance in the 
rescuich, ordering, and Icchnlques (»f applyimt the data 
to .csource prohlems. Titese Applications Assistance 
Facilities maintain micrortlm copies and provide 
computer terminal inquiry and order capability to tlic 
centrai computer complex at the BROS Data Center. 
These facilities should he contacted by phone or mail in 
advance «o that suitable urrangcnicnts can be made. 
Facilities are currently established in Menlo Park, 
California; Pliocnix, Arizona; Denver, Colorado: Reston, 
Virginia; Bay St. Louis, Mississippi; Ft. Clayton, Canal 
Zone; and Fairbanks, Alaska. In addition to these 
offices, small Data Reference Files have been established 
throughout the United States to maintain microfilm 
copies of the most used data available from the center 
and to provide assistance to the visitor in reviewing and 
ordering data. Assistance in applying the data is not 
provided at these Data Reference Files. The data center 
also functions as an integral part t>f the National 
Cartographic Information Center (NCIC) which will 
provide integrated mapping, plH)tt)grapliic, and geodetic 
control information and data. A number of NCIC oITilcs 
are connected to the central computer complex via 
remote terminal throughout the country. 


classifying objects based on reflectance und/or cmittance 
in various parts of the electromagnetic spectrum. Known 
objects arc used to train the classification procedure, 
resulting in an unknown object being compared digitally 
with tivc characteristics of the known object. An 
unknown object wliich matches spectrally the known 
object is classified accordingly. 

The center maintains a technical library of 
information on remote sensing of Uarth resources. It is 
available for the use of students attending training 
courses, visitors to the center, and researchers on an 
asmeed basis. The principal thrust of the data center is 
to document proven applications techniques and to 
prepare a complete technique use package which can be 
transferred to the user community and resource 
managers for consideration and possible implementation. 
These basics for total tccimiquc use or demonstration 
packages will not only provide procedural direction for 
information extraction, but will also provide relative 
costs, reliability, and accuracy Itgiircs so that intelligent 
decisions can be made by resource managers as to 
possible inipleinciitation. 


TRAINING OR APPLICATIONS ASSISTANCE 

Training in remote sensing and assistance in 
techniques for extracting various hi format ion from 
remote -sensing data arc available at tlir L’VJ,S Data 
Center. Iiujiiirics can be made bv telep' ; 0 c. Idler, or 
personal visit to the Application, Assistance Branch at 
the center. 

Periodic training prt>granis in remote sensing arc given 
at the center. Normally, these programs ate up to I week 
in length and stress the use of data in a particular 
application; for example, agricultural inventory or water 
management. Two or three times a year, a to4-w .ek 
course is offered to ioreign nationals, stressin^ 
fumlaineiitals trf renmle sensing with exposure to a 
number of applications areas. Supplementing these 
lormal iiainiiig courses are a series of slide tape p icknges 
and ediicatUmal aids covering the basic inctliorhMogy in 
remote sensing and vaiitnis applications Inc principal 
role of the i:ROS Data ( enter in applications assLtance 
i*i tcciinoiogy transfer. 

The l-ROS Data (’entei has state-of-the-art ,iutoinatic 
data piocessing equipment, wtiich includes digital 
classilicaiion and analysis devices. 1 his equipment allows 
tliC iipplicaiti'Mi 45* digital aiialysis teciiniqucs by 


ADVANCED DATA HANDLING AND 
PROCESSING SYSTEMS 

In the luturc, the UROS Data Center will continue to 
cooperate with NASA in supplying satellite imagery and 
electronic products in the sliortcst )K>ssiblc time period 
and in tlcxible user-required formats. The NASA 
(joddard Space Flight Center (GSFC) has implemented 
increased c o m p u tcr-compatiblc tape production 
capability for Landsat*2, and the LROS Data Center is 
making similar changes. Titese changes will provide an 
increased throughput and more fiexibic formal for 
eompu tcr-compatiblc tape reproduciUm and 
dissemination to users (fig. For Laiids:il-C. now 
scheduled for launch in late D)77. NASA and the USs>i 
arc studying concepts foi the u.se of communicatiim 
satellites for data relay to significantly improve the 
fimelincss id Jala dissemination. This concept includes 
ilie reception ol' data at the NASA Alaskan. Goldstone. 
and (iSF( reception stations, with subsequent relay to 
Sioux lalls on a near-real dime basis for furlhcr 
processing, rcpriKluctlon. and dissemimition to users. 

Ill addition, to more cHicieiUly handle data from 
l.andsat-(‘ and subsequent satellites, NASA plans to 
move to higli-density ta|K» lormals which will tlien be 
integrated with high-density tape product generation 
lines at the l-ROS Data (enter to provide enhanced 
pfodiicis. iiichidiiig iimigefy iiild coiiipuier-cfMnpiiTibIc 




tapes, to users in a much inure limely and efficient and with maximum information content within 24 to 48 
fashion. The u1tiinu:c goal of all these changes is to hours of satellite acquisition, 
provide data to tlie users in the unique formats required 
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Sami as LandsaH plus: 

• 1 mprovad delivery times at GSFC and EROS Data Center 

• 1 ncreased computer ^compatible tape production 

capability at GSFC and EROS Data Center 
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U-3. Bringing Remote-Sensing Technology 
to the User Community 

John C. Lindeniatibf Shirley M, DavisJ^ and Douglas B. Morrisotfi 


INTRODUCTION 

Historically, there has always been a time lag between 
technological breaktlirouglis and the widespread use of a 
new technology. The reason is that there arc several 
steps which must be taken before this gap can be 
bridged; among them arc a demonstration of the 
"useiuincss" ol the technology, education of the “usci 
community.” and making the technology available to 
the user community. Tlie usefulness of remote sensing 
has been adequately demonstrated. This paper surveys 
the materials and services available for educating and 
training individuals in the principles and operational 
aspects oi remote sensing. Two approaches arc discussed 
for establishing an in-liousc capability for the iiumerical 
analysis of remotely sensed data. 

In this survey, emphasis is placed on sensor systems 
and analysis techniques that have developed wilhtn the 
past decade. Tliese sensor systems, typified by the 
multi.spcclral scanners aboard the Landsat satellites, arc 
capable of supplying vast <)uantlties of data, and 
computer 'assisted analysis fcchtiiques have proved 
effective in huiulling this type and volume of data. 
Photuinlerprctation fechniques arc not stressed here; 
because I Ills is a much more mature Held, there is a 
relatively larger tiuitiber of individuals trained in 
pholointerprctation methods, and formal university 
coursi‘s have hecii in existence for many years. 

The topics discussed here are structured in the order 
that an itulividual m organization might logically follow 
when learning ahmit ajtd applying remote *se using 
technology. These tttpics include studying availahie 
lileratnro, attending remote-sensing sym|H»sia and 
conferences, participating in intensive short courses ami 
in-reMdeiice programs, using remote terminal networks, 
and iinpiemeiiting the analysis software. I his hierarchy 
begins at the introductory level and extends to 


establishing the capability for analyzing large amounts of 
remotely sensed data. Cost estimates are included in tlic 
discussion wlien they seem appropriate. 

SELF-STUDY OF THE LITERATURE 

An obvious first step in entering the field of remote 
sensing is to consult the available literature. Appendix A 
provides a list of books, journals, reports, conference 
proceedings, and bibliographies dealing with remote 
sensing. To enhance the usefulness of the bibliography, 
addresses of publishers and professional societies iiavc 
been included. Appendix A is not intended to be 
exhaustive but to serve as a reference to provide 
newcomers to the field with a logical starting point for 
selecting reading materials. 

A search through the literature will reveal that there 
arc only a few written pieces which present remote 
sensing in a tutorial way. One t>f the first t<» apircar was a 
volume prepared in 1970 by the National Academy of 
Sciences, entitled “Remote Sensing with Special 
Reference to Agriculture and Forestry.'’^ Althougii 
somewhat dated now, this report from the Ci»mmittcc 
on Remote Sensing for Agricultural Purposes presents a 
substantial twervicw of remote sensing us related to two 
applications areas, forestry and agriculture. Its intent is 
to aid comnuinicatimi among physical scientists, data 
processing specialists, agricullurat scientists, and 
finesters. and. as such, it attempts to establish basic 
working vocabularies ami concepts. Another hook 
dealing witli the basics, but from a broader point of 
view, is “T he Surveillant SLicnce: Remote Sensing of the 
|■nviromncnt,“ edited by llobort Holz and published in 
TTiis Is a collection ol 44 previously piihlisitcd 
papers selected to provide a compiehensivc overview of a 
number of approaches to remote sensing A tliird 
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publication is actually a five-volume report written at 
the tutorial level prepared for the European Space 
Agency in 1973, entitled “Data Preprocessing Systems 
for Earth Resources Survey.’* It has as its objective “to 
provide information ... to the earth scientist 
community on data correction, processing, and 
information extraction systems associated with the 
remote-sensing systems and to indicate future trends.” 
Frequently, governmental units and other interest 
groups are faced with the need to Inform a large number 
of people about remote-sensing technology and its 
potential application in a specific field. Often, this Is 
accomplished through group meetings, and a few very 
helpful volumes have grown out of such meetings. One 
of thesfc, a volume edited by Estes and Senger in 1973 
and entitled ^‘Remote Sensing: Techniques for 
Environmental Analysis,” is a collection of 12 papers 
initially presented to geographers and scientists from 
developing nations to give them a basic introduction to 
the field of remote sending. Similarly, a tutorial seminar 
in 1972 resulted in a publication by the Iowa Geological 
Survey available under the title “Seminar in Applied 
Remote Sensing.” And a third worth mention here is the 
“International Workshop on Earth Resources Survey 
Systems Proceedings,” published in 1971 and available 
through N*VSA. This workshop was designed to acquaint 
people from developing nations with the potentials of 
remote sensing. 

Most people new to remote sensing approach the 
technology through a particular discipline area, whether 
it be engineering, earth sciences, hydrology, or 
agriculture. Although there arc very few journals 
devoted to remote sensing from an Interdisciplinary 
point of view, a number of journals related to specific 
disciplines frequently carry articles on remote sensing. 
Several of these arc listed in appendix A. Tlicsc journals 
provide subjee* specialists an opportunity to study 
remote sensing from the familiarity of their own 
discipline. 

Once a person lias passed the introductory steps in 
learning about remote sensing, he may wish to turn to 
the wealth of collected information on the subject, 
specifically tlic volumes prepared under NASA 
sponsorship and tlie several sets of proceedings^ from 
remote-sensing conferences. The NASA “Annual Earth 
Resources Program Reviews” from 19(>H thnmgli 1972 
are an excellent source of information, surveying the 
activities of remote sensing for Earth resources ituring 
these ciitical formative years. Tlic volumes published in 
1972 and 1973 as a result of NASA-spoiistucd syni|iosia 
on Lamisat are also iminirtant coltccfions for the ficrson 
wishing to know about data collection methods as well 


as for tho*ie interested in analysis methods and possible 
applications of Landsat data. One of the monunKnts of 
remote-aensing literature is the proceedings of the 
International Symposia on Remote Sensing of 
Environment sponsored by the Envircnnicntal Research 
Institute of Michigan (ERIM). Similarly, proceedings 
from the Laboratory for Applications of Remote 
Sensing (LARS) Symposia on the Machine Processing of 
Remotely Sensed Data serve as collections of important 
papers dealing with the quantitative approach to 
remote-sensing data analysis. 

As the volume of remote-sensing literature grows, it 
is iis.1 surprising to find that more bibliographic studies 
are becoming available. Most significant among these is 
the “Quarterly Literature Review of the Remote Sensing 
of Natural Resources,” which is compiled and published 
by the Technology Applications Center of the University 
of New Mexico. This quarterly publication abstracts and 
gives the source for a large quantity of technical 
literature related to remote sensing, sensors, and the 
sensing of natural resources. Editors of the review tap 
and index abstracted technical reports, conference 
papers, books, foreign publications, and translations plus 
additional NASA governmental and en^neering sources. 


REMOTE-SENSING SYMPOSIA AND 
CONFERENCES 

Tlic next activity that miglit be pursued in educating 
oneself on remote sensing would be attending one of the 
conferences or symposia. Formal sessions at these 
conferences arc designed to bring to tlic audience the 
newest tccliniqiics in remote sensing and to discuss ways 
the technology can be applied in various disciplines. Of 
equal importance, however, is the opportunity to mingle 
with incinbcrs of the remote-sensing community, to 
interchange ideas on an informal basis, and to idetuify 
individuals with common problems or intcicsts. The cost 
of registration and conference proceedings usually ranges 
from S30 to S60. Appendix B gives the iiaiiic, 
sponsoring orgaiii/atitm, frequency, and contact person 
for jninic remote-sensing conferences and symposia that 
iiavc been held on a recurring basis. Itiftirmatioii tm 
proceedings is included in appendix A. 

The series of coiiferciiccs with tlie hNigest history is 
the International Sym|xisia on Remote Sensing of 
Environment sponsored hy the ERIM, initiated in 1962. 
OtIicT regularly held conferences have been sponsored hy 
the Tennessee S|wcc Imtltutc, the LARS, and the 
Canada Remote Seiisinu Soclely. 


3H0 


Conferences lield by many technical societies also 
reflect a growing Interest in remote sensing. Most 
notably, the American Society of Photogrammetry now 
has regular sessions on remote sensing. Significantly, 
they have recently changed the name of their journal to 
Photogrammetric Engineering and Remote Sensing. The 
InstiiUte of Electrical and Electronics Engineers, the 
Association of American Geographers, and the American 
Society of Agronomy are among other professional 
groups showing increasing interest in remote sensing. 

Conferences and symposia, especially those devoted 
exclusively to remote sensing, offer an unusual 
educational opportunity to someone new to the field of 
remote sensing. 

INTENSIVE SHORT COURSES 

Surveying the cuircni lUeraiure and/or aiicnuiitg a 
symposium usually provides a person enough insight to 
determine whether or not remote sensing offers 
|H>tential for a particular application and thus whether 
he wislies to pursue additional educational and training 
activities. If further education seems desirable, he should 
consider attending an intensive short course on remote 
sensing. Usually 1 week or shorter, these courses provide 
the participant an opportunity to grasp the limitations as 
well as the capabilities of remote-sensing technology. 
One advantage of these courses is that they arc intensive. 
The participant is usually engaged in full-time study of 
the subject matter away from his home environment, 
away from the competition of other duties and 
interruptions. Tliis environment provides an excellent 
opportunity to take full advantage of materials and 
presentations prepared by subject specialists. 
Participants in short courses often receive a collection of 
tutorial printed materials generally not otherwise 
available. 

Short courses tend to follow one of two formats. The 
first fi)miat cinphasi/.cs lecture presentation by research 
specialists. In effect, these lectures arc an active research 
worker's interpretation of the current litcratUTC in the 
field. Since organizers of these conferences tend to bring 
in expertise from varknis parts of the country, there is 
an excellent opportunity to obtain a broad overviews of 
the field. A second way of organizing a short course is to 
use a smaller number o( instructors, usually people from 
the same or nearby organizations wln> have worked 
tergctlicr. This appr<«icli tends to result in a 
wcIMntcgratcd course with a strong thread ot 
contimiily. The note *i iwrlieipant will want to jwy 


attention the manner in which the course Is 
organized. 

Appendix C contains names and addresses of 
organizations which have sponsored remote-sensing short 
courses. Three organizations have come to our attention 
as offering or planning to offer courses on a regularly 
scheduled basis. They are the EROS Data Center, LARS, 
and Oregon State’s Environmental Remote Sensing 
Applications Laboratory. 

The EROS Data Center is planning annual spring and 
fall courses for international representatives on the 
general aspects of remote sensing. Quarterly offerings for 
general participation are In the planning stage. A 
publication by Reeves (ref. 1) describes EROS Data 
Center training programs. 

The LARS offered a 2-week course in the summer of 
1972 and I -week courses in June and September of 
1974. The LARS courses have emphasized namericaj 
analysis and pattern recognition icchniques. The LARS 
intends to offer each month a 1-weck course in 
remote-sensing technology and applications to classes of 
8 to 1 5 members. Included will be a series i f workshops 
that take participants through a typical numerical 
analysis sequence using Landsat data. 

Oregon State’s Enviionmcnial Remote Sensing 
Applications Laboratory annually offers a 2-day course 
on digital processing of Landsat data, and the Oregon 
State School of Forestry introduces participants in its 
annual aerial photography remote-sensing short course 
to the broader aspects of remote sensing. 

Costs for short courses usually range from S300 to 
$300 depending upon a number of factors, such as the 
duration of the course, the number of participants, and 
personnel resources for presenting the course. 


RESIDENCE PROGRAMS 

When an individual attends an intensive shiui ct>ursc, 
he probably docs so either to get a broad overview ol 
remote-sensing tccimology in order to interact 
effectively with people working in the community or to 
determine whether he wishes to hccoiue a 
rcmotc-scnsiirg cx|)ert himself. In the iormcr case, the 
grudu *tc of a short course is usualty equipped enter 
into mcaninglul research or contract discussions with 
people working in remote sensing. In the latter case, a 
residence program may provide him the opportunity to 
increase his expertise by wtuking at a particular 
oreattl/alion or with a patlicular tiuliviiliial. 



Within the university cnvironnicnt exist semester-long 
courses and graduate student research positions. Many 
university departments offer courses or series of courses 
in rcimHc sensing. A survey published in 1 072 by Eitcl 
(ref. 2) lists 62 reinotc*sciising cimrses in 39 institutions. 
More recently (1975), Morain (ref, 3) compiled a survey 
of various remote-sensing courses taught in geography 
departments alone; the survey includes 45 courses in 33 
institutions. Altliough full-time university residency 
programs usually do not tend themselves very well to 
industrial or government agency employees, they should 
certainly be looked to as a source ot future graduates 
with training in remote sensing. 

More tlcxiblc residence programs aimed specifically at 
the practicing professional are encouraged by a number 
of remote-sensing orraiii/.ations within the United 
States. It usually takes initiative on the part of the 
person wisliing to participate in such a program to write 
the organization, present liis credentials, list the 
objectives of his visit, and negotiate an arrangemetU. At 
the Laboratory for Applications of Remote Sensing, the 
visiting scientist program offers residency perioU: 
ranging from a few days to u year or more. 

Perhaps the best way to illustrate residence programs 
of the visiting scientist type is to give some examples. A 
Landsat principal investigator visited LARS for 8 days 
with the objective of conipuiing results of machine 
processing of Landsat data with classillcations he had 
previously determined by slandi'.d photointerpretation 
techniques. Prior tt> his visit, he had gained some 
background in machine processing by attending a LARS 
short course. Working closely with an cxiwiicnccd 
analyst, he accomplishcU nis goal, successfully ckissifyiiig 
portions of four Landsat scenes. Ills organization was 
charged about $30(X) for computer services and SbHO for 
l>ersoiinc1 services incurred during his visit. Another 
researcher, interested in the identification «>f 
suhresoluthm targets in remote-sensing imagery, spent 9 
weeks at LARS and used aboiit S3(H) of ct»mpiilei 
resources and SlOOt) for persi>nncl and service resmiices. 
A I -year visit invtdvitig 4 lt> n weeks ol intensive training 
followed hy work asMKiated with an ongoing laboratory 
project could cost about S2200 plus S450 tor computer 
time. These exam]des reveal the wide variation [ursMble 
under a visiting scientist arrangement. 

Tito visiting .scientist program at LARS can he 
Cl iracterizcd hy slating that visits of a shtirl duration 
re ihle coiisutting service ariangcinetils. whereas 
long-term visits more nearly approach a postdiKtoial 


fellowship relationship between tlic visitor and his 
sponsor. Similar residence programs can be arranged at 
other remote-sensing organizations, Inclcding the EROS 
Data Center, the ERIM, the Tennessee Space Institute, 
and the South Dakota Remote Sensing Institute. 
Because of the flexible and Individual nature of these 
programs, similar arrangements can probably be made 
with other organizations as well. Costs associated with 
residence programs vary widely depending upon the 
duration of the visit, the resources used, and the basic 
charter of the host institution. 


REMOTE TERMINAL NETWORKS 

The next level in the hierarchy of mechanisms for 
bringing remote-sensing technology to the user 
community is providing an in-house analysis canahility. 
For the purpose of tltis discussion. "*analysts capability*" 
will he defined to include hardware, software, and 
trained personnel. Initially, one might want to give 
serious cimsidcration to providing liurdwurc and 
software utpability by means of a terminal connected to 
a data processing network capable of handling 
multi-image data. Advantages of this remote terminal 
approach include full user access to both the data bank 
and (he processing cu|rabi1ity of a large Eanli rcs<iurccs 
data processing system, centralization and sharing of the 
expensive portions of the processing hardware, and 
centralization and cost shar ng of software maintenance 
and up<lute.s. Perhaps of even greater ini|>ortance to 
newcomers to the rcinotc-scnsing community is the fact 
that usually williin several numths alter an ugreement is 
made, lliey can he cm the network, can take advantage 
tif the newest lechnotfigicat developments as they arc 
implemented, and can write their contract \o terminate 
the agreement at a detinite lime. 

Although the authors arc aware of a program to make 
rcMicUc-sciising data analysis capabilities available on the 
(lovertimciit Services Admiiiisiratioti ((JSA) network (a 
computer tielwork operated lor l*edcral agencies by the 
(iSA) and are awaie that consideration has been given \<% 
installing niiillispectral data procesMOg capability on 
commercial lime-sharing networks, at the time ot this 
writing, there is only tme opciational l.arih resources 
data processing network. This is the l.artli ResourceN 
Data I’roccssing System operated hy Puidtic University's 
l .alroratory tor Applications ot Remote Sensing.*’ 
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The system provides remote access to LAKSYS, a 
muhispcctral data bank, and a general purpose 
computer; LARSYS is a fully documented multHinage 
data analysis software system designed to provide for 
advanced research, development, and applications of 
remote*sensing concepts and systems. The multispectral 
data bank is available to ail users of LARSYS and serves 
as its primary data base; LARSYS is implemented on a 
general purpose computer with timc*sharing and remote 
terminal capabilities. 

It is significant that the word ‘‘system'* is used 
instead of the word “network** in the name of Earth 
Resources Data Processing System because considerable 
support above hardware/software capability is provided. 
The main thrust of this additional support is in providing 
education and training materials and services, extensive 
software documentation, and personnel services. TIus 
support includes the following. 

Educationa] itiaieriuis and services: 

1 . A 2-wcck LARSYS Analysis for Instructors Course 
to train tlic designated remotc-sitc specialists to 
become qualified instructors prior to terminal 
installation 

2. Tlie LARSYS Education Package, a set of 
instructional materials developed to train people in 
the analysis of remolcly sensed multispcctral data 
using LARSYS Site experts who liavc taken the 
LARSYS Analysis for Instructors Course serve as 
Instructors at the remote sites 

3. An advanced level LARSYS Analysis 
Workshop/Seminar offered at the remote site after 
users have received initial training by the 
icinote^sitc instmetors and have gained stinic 
experience using LARSYS 

Software documentation: Tlic LARSYS User’s 
Manual c«m tains a coiuprehctisivc description of the 
organi/ation of the LARSYS system and the processing 
fimclUms avuthihle. 

Personnel services: 

1 . A Pnrduc/LARS employee designated to serve as 
an analysis specialist for remote terininal users 

2. A Pnrdiic/LAkS employee designated to serve as a 
system specialist to assure smooth operation of the 
terininal 

Speciali/ed reftinnattiug. prepr^Kcssing. and 
I AKSYS Miftwaie programing instruction services 

A mine extensive description of tlic Earth Kcsomces 
Data Processing Sysleiii has Ikvii prepared Iry Phillips 
amt Schwingeiulorf (ret. 41. This dncuiiieiit alNO provides 


the basic parameters which would allow one to estimate 
the cost of installing and maintaining a remote terminal 
at a particular location. Data on seven such installations 
have shown that the average annual cost for maintaining 
and using a renmte terminal has been $70 510; terminal 
installation costs have averaged $9085. 

IMPLEMENTING ANALYSIS SOFTWARE 

Other approaches to ubtun an in-house capability for 
the anaty^s of remotely sensed data range from the 
purchase of spcciali/.ed hardware and software to 
implementing software on a general purpose digital 
machine. It does not seem appropriate in this paper to 
try to summarize, critique, or estimate the expense of 
the various kinds of specialized hardware available to tlie 
remote-sensing user eoinmunity. Some of these systems 
arc described elsewhere in these proceedings, and price 
information is readily available from the manufacturers. 
It docs seem appropriate, however, to discuss some 
aspects of implenicniing analysis software on your own 
general purpose digital tnacliinc, because many 
organizations already have access to general purpose 
computational facilities. Three factors will be 
considered: software availability, training, and personnel 
requirements. 

Computer algorithms proven to be effective for the 
analysis of remotely sensed multi-image data have been 
reported in the literature. (Sec conference proceedings 
listed in appendix A.)'^ Copies of these programs may 
sonictiTtKs he obtained from the authors at nominal 
cost. Documentation varies, ranging from nonexistent to 
g4K>d. A complete, wcIl-diKTumented si»ftwurc system, 
LARSYS, may be purchased hy d<micslic orgaiii/ations 
from the LARS for $1000. This price includes stmrcc 
tapes and over .30CK) pages of documental hiii, consisting 
of the LARSYS User’s Manual. LARSYS System 
Manual. LARSYS Test Ihoccdures Manual, and LARSYS 
Pr<»grum Abstracts. Notidoiucstic organi/ations may 
obtain LARSYS through COSMIC. Barrow Hall. 
University of (icorgia, Athens, (Georgia 30601 . 

The Lalnnalory for Applications of Remote .Sensing 
alst» «*ffers, on a reepicst basis, a LARSYS Lrcigrainiug 
L'iliication (‘ourse. This c mrsc. witich might Ik more 
adcipiately described as a consulting service, is designeJ 
to take participants as far as possible into itnderslanding 
bow LARSYS is piograined. ( oiitent and tiuraiion ot 
the course arc variable depending upon the background 
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and objectives of the participants. The course tee is 
negotiated on an individual basis. Sample fees arc: 
$2500 for a I -week course ($500 per day). S3200 for a 
2-wcck course ($320 per day), and $3900 for a 3-wcck 
course ($260 per day). Hie thrust of the course is to 
prepare individuals to install LARSYS modules on their 
v)wn computer. 

Because it is easy to grossly underestimate the costs 
associated with the installation of analysis software, it 
seems appropriate to give some guidelines even thougli 
they may in themselves be subject to a considerable 
margin of error. Commentary will be restricted to 
estimating personnel costs only. No attempt will be 
made to account lor computer time usage or prorated 
support of the computer facility. To provide a 
perspective, several levels oi' analysis capability will be 
discussed. 

A single programer could probably implement the 
algorithms commonly used In remote-sensing analysis on 
a general purpose machine in 6 to 12 months. This 
implementation would not be expected to include 
user-i>rientcd inputHmtput routines or other programing 
'‘frills.” Furtlieriiiorc, probably only one or two 
individuals who were very familiar with the programs 
would be able to use the algorithms for analysts 
purposes. The pers«>nncl cost required to achieve tliis 
capability, which miglit be described as a minimum 
capability, could range from $25 000 to $40 000 
depending upon the individuars salary and supervisory 
and overhead charges. Since this level of capability 
would be highly dependent upon one or two individuals, 
(he associated cost is periups more properly interpreted 
as an investment in the individual rather than in the 
software. 

Providing convenient access to a larger group of 
analysts, say 10 to 12 individuals, would require more 
careful implcmentatiiin. llKcr-iuicntcd input-output 

irmats as w'ell as careful documentation would he 
recommended, it Is estimated that this iniermcdiaic level 
of analysis capabiUly would require a personnel 
investment S HMI (KK) or iihue. 

As a tinal example, ctuisidcr estabh.shing what might 
be called a ‘'full service” reiimte-scnsing data analysis 
capability. .Such a capability wtuild Include providing 
preprocessing services (such as geometric correclitm and 


with an accompanying $200 000 to $300 000 annual 
l>crsonncl budget. 

Altiunigli subject to considerable interpretation, the 
personnel costs quoted In these examples arc estimated 
as realistic lower bounds. Naturally, justification of such 
expenditures would require large volumes of data 
analysis. Alteniativcs to such a large ex|)cnditurc are the 
remote terminal approach, discussed in the last section, 
tir outside contractors to analyze the data. 

SUMMARY 

This paper has presented a survey and discussion of 
the two components ncccsr^ry for bringing the 
remote-sensing technology which has developed over the 
past decade to the user community. These components 
are education and training opportunities and tire 
capability for analyzing the data availabk from current 
sensor systems. 

Lducation and training opportunities range from 
self-study of the literature and attending conferences 
and symposia to participating in intensive short courses 
and residence programs. Options for cstahlisliiiig 
numerical analysis capability include purchasing 
s]iccially ficsigned hardware-software systems, accessing 
via a remote terminal tiie LARS Earth Resources Data 
Processing Systenv and implementing analysis software 
on one's own general purpose computer. 

This paper, along with its ap|Kndixcs, is intended to 
serve as a guide to piitcntial members of the 
rcmotc-seiisiiig coimnuirity seeking a deeper 
iinderslaiuiing and involvement in remote-sensing 
activities. 
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U*3 APPENDIX A 
REMOTE-SENSING LITERATURE 


The following list of published materials was 
compiled as an aid to persons new to numerical analysis 
of remote-sensing data. The authors would appreciate 
knowing about other available tutorial and technical 
publications which migltt he of help to the newcomer. 

Books 

Alexander. Larry: Eichen, Leo:c! a!.: Remote Sensing 
Environmental and Geotechnical Applications. 
Engineering Bulletin 45. 1974. Dames and Moore. 
445 S. Figueroa St., Los Angeles. Calif. 90017. 
Colwell. R. N.. cd.: Manual of Photographic 
Interpretation. 1960. American Society of 
Photogrammetry, 105 N. Virginia Avc.. Falls Church. 
Va. 22046. 

Estes. John E.; and Sengcr. Leslie W.. cds.: Remote 
Sensing Techniques for Environmental Analysis, 
1973. Hamilton Publishing Company. Santa Barbara, 
Cain. 93101. 

Hoi/, Robert K.: The Surveillant Science RtMiiotc 
Sensing of the Environment. 1973. Houghton Mifllin. 
Boston. Muss. 02101. 

Johnson. P. L.. cd.: Remote Sensing in txology, 1969. 

University of Georgia Press. Athens. Ga. 30601 . 
National Research Council: Remote Sensing With 
S|Kciut Reference to Agriculture and F'orestry, 1970. 
National Academy of Sciences. 2101 Constitution 
Avc.. Washington. D.C. 20037. 

Pouqiiet. Jean: Le,s Sciences de la lerra a L'licurc des 
Satellites (Eartirs Resources from Sulellite), 1974. 
Translation hy I). Keidel Publishing (*o.. 306 
l>.irtmouth St.. Boston. Mass. 021 1 6. 

Reeves, R. G.. ed.: Manual of Remote Sensing, |975. 
American Siiciety of Pho:«igratiimelry. 105 N. 
Virginia Ave.. Falls duircli. Vu. 22046. 

Rudd. Robert: Remote Seitsing A Belter Vie**. . 1974. 
Duxhiiry Press. 6 Bound Bro<»k (*1.. N. Sciliiale. Mass. 
02my 


Wolff, Edward: and Mercanti, Enrico P., cds.: 
Geoscience Instrumentation. 1974. John Wiley and 
Sons, 605 Third Avc., New York, N.Y. 10016. 


Journals Devoted to Remote Sensing 

IEEE Transactions on Geoscience Electronics 
(quarterly): Institute of Electrical and Electronics 
Engineers, 345 East 47 St„ New York. N.Y. 10017. 

ITC Journal (five issues yearly): Internationa! Institute 
for Aerial Survey and Earth Sciences, Enschede, Tlie 
Netherlands. 

Photogrammetria (bimonthly): International Society for 
Photognimmctry. P.O. Box 1345, Amsterdam. The 
Netherlands. 

Photograni metric Engineering and Remote Sensing 
(monthly): American Society of Photogrammetry. 
1 75 N. Virginia Avc., Falls Church, Va. 22046. 

Remote Sensing of Enviromnent (quarterly): American 
Elsevier Piihlishing Co.. 52 Vanderbilt Avc., New 
York. N.Y. 10017. 


Journals Frequently Carrying Articles 
on Remote Sensing 

Agronomy Joiinut (himonilily): American Society ol 
AgrtHioiny. 677 S. .Segoc Rd.. Madison, Wis. 5371 1. 
Applied Optics (monthly); Optical Society id America. 

2000 L SI. N.W., WashiiigliMi. D.C. 2tK)36. 

Aviation Week and Space TecliiHtlogy t weekly); 
McGraw-Hill. 1221 Avcmiuc i»f the Americas. New 
York, N.Y. HK)20. 

Crtip Science (himontldy); Crop .Science Society i»f 
America. 677 S. Segoe Rd.. Madisim. Wjs, 5371 1. 
lEFJ* Transactions <m romputers (immtiily): InstiPitc 
of ITcctrical and Flecfr<inics I ngincers. 345 l ast 47 
St.. New York. N.Y. I(K)I7. 
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Proceedings of llirii (monthly); Institute of BIcctrical 
and lilcctronics iingincers, Bast 47 St.« New 
York. N.Y, loot 7. 

Journal of Forestry (: lonthly): Society of American 
Foresters. 1010 I6.n St. N.W.. Washington. D.C. 
20036. 

Journal of Soil and Water Conservation (bimonthly): 
Soil Conservation Society of Aiucnca, 7515 N.B. 
Ankeny Rd.. Ankeny. Iowa 50021 . 

Optical Bnginecring (hinionthly): Society of 

Photo-Optical Instrumentation Biiginccrs. 33H Tejon 
Place. Palos Verdes Hstales. Calif. 90274. 

Soil Science Society of America Proceedings 
(bimonthly): American Society of Agronomy. 677 S. 
Segoc Rd.. Madison. Wis. 5371 1 . 


Reports 

Brcssanin.G.;and Brickson, J..ct al.: 

Data Processing Systems for Bar lit Resmirccs Surveys 

Vol. I Introduction to Prcproccs.sing Technk)iies 

Vol. 2 Methods of Implementation 

Vol. 3 Tccimioal Appendices 

Vol. 4 Summary 

Vol. 5 Bibliography 

Buropcan Space Agency. 114 Avenue ('hartes de 
Gaulle. 9 2-Neuilly. France. 197.^. 

Laboratory for Applications of K a note Sensing: 
Remote Multispectral Sensing in Agriculture 
Vol. I Research Bulletin H31. I9(>7 

Vol. 2 Research Btilletin HM. |907 

Vol. 3 Rcscardi Bulletin S44, I90« 

Vol. 4 Research Bulletin S7.1, 1970 

Agricultural Bxtx.*rinient .Station. Purdue University. 
W. Lafayette. Iiul. 46207. 

National Aeronautics and Space Administration: 

Barth Resources Aircraft Pn^giam Status Review. 
I96H 

Vol. I NASATM X*62564.N7I/I6I26 

Vol. 2 NA.SA TM X^>2565. N7l/»o!47 

Vol. 3 NASA TM X4>2566. N7l/l6lo6 

Seci)iui Annual Barth Resources Airciall Pr«»*!ram 

Status Review. I9(>9 

Vol. I NA.SA TM X-669|3.N7I/U)2S| 

Vol. 2 NASA TM X‘664S4. N7I/I |97o 

Vol. \ NASA I M X-664S I , N7 1 / 1 1 1 5 1 

Third Attiiiial l:atth Resources Pn>{*r;ttn Review. )n7o 
Vol. I NASA TM \ o7403. N72/i::4« 

Vol. 2 NASA I M X-67404. N72/1 22t*9 
Vol, .t NASA TM \-(i7407. \72/i:29s 


Fourth Annual Barth Resources Program Review, 
1972 

Vol. I NASA TM X-685M, N72/29302 

Vol. 2 NASA TM X-68397. N72/29327 

Viil. 3 NASA TM X-68952. N72/29355 

Vol. 4 NASA TM X4>8563. N72/29378 

Vol. 5 NASA TM X-68562. N72/29407 

Advanced Scanners and Imaging Systems for Barth 

Observations. NASA .SP-335, 1972 

National Technical Information Service. Springfield. 

Va, 22161. 

Also check reports from Agricultural Bxpcriinent 
Stations and Technical Bulletins friHU the U.S. 
Geological Survey. 


Proceedings 

American Society of Pliotograinnictry Symposia 
(annual, ic nianiuial. and s|Kcial). 105 N. Virginia 
Avc.. Balls ( hurch. Va. 22046. 

('ariadian Symposia on Remote Sensing: 

First Symposium Proceedings. Sept. 1972, 
information Center. 171 Slater St.. Ottawa. 
Ontario, ('anada. 

Second SympoMum Proceedings. Mar. 1974, Canada 
Remote Sensing SiH.*iety. ch Canada Aeronautics 
and Space liisliliilc. 77 Metcalf St. Ottawa. 
Ontario, ('anaila. 

Iniernali<mal Sym|iosia 4>n Remote Sensing of 
Biivironmenl (every^ IK monllis since 1962): 
Bnviroiimental Research Instiliile of Michigan. Ann 
Arbor. Mich. 48107, 

Machine Processing of Remotely Sensed Data: 
Laboratory hir Applicathms of Remote Sensing. 
Ibirdue University, \\. Bafayetle. Iiul. 46207. 

197.? Conference II-bV: (*:ilah»g No. 7.? (TIO 
834.2(;i 

|97S Ciinlerence ll.B.L Catahtg Nti. 75 ( II 

IM' B., 445 I Iocs Lane. Piscataway. N.J. OH85 L 
NASA (vaiious sympttsi.il: 

International Woiksliop on I aith RcMiuices Smvev 
Systems. NASA SP-2X.?. 1971. 

I attli Resources Teclinology Saiellile-l Syiiiposiiun 
Proceeebugs. NASA TM \6tiUM. N7.l/!9V)o. 
1972. 

Svmposfutn on Signiticant Results ()l>taiued I rtuii 
I arth Kesoiitces leclnioliigs Satelfhe-I. 1973 
Vol. I ( A A ID livlinkal Piesi’ntaiiniiN. NASA 
SI»-3:7 
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Vol. 2 Summary i\( Results, NASA TM X^6283, 
N73/28389 

Vol. 3 Discipline Summary Rc|H>rts, NASA 
TM X-(ift284. N73/28405 

Third liarth Resources Tecimology Satellite*! 
Syiiipostiiin(Dec\ 1973) 

Vol. I (A & B) Technical Presentations. NASA 
SP05I 

Vol. 2 Summary of Results. NASA SP-356 
Vol. 3 Discipline Summary Reports. NASA SP*357 
National Technical Information Service, Springllcld, 
Va. 22161. 

Seininur in Applied Remote Sensing, Public infonnatton 
circular no. 3, May 1972. Iowa Remote Sensing 
Laboratory, Iowa Geological Survey, 16 W. Jefferson 
St., I<iwa City, Iowa 52240. 

Shalirokhi, F., ed.: Remote Sensing of E;irtli Resources, 
1972. 1973, !974, 1975. Space Institute, University 
of Tennessee, Tiiltahoma, Tciin. 37388. 

Thomson, Keith P. B.; Lane. Robert; and Csallany, 
Sandor C.. eds.: Remote Sensing and Water Resources 
Management, 1973. American Water Resources 
Association, 20o Last University Avc., Urbana. III. 
61801. 


Bibliographies 

Nagy, George: Digital lniagc-Pri)cessing Activities in 
Remote Sensing for barth Resources. Proceedings of 
the ll-i:i:, vol. 60, no. 10, Oct. 1972. pp. 1 196-1200. 

National Aeronautics and Space Administration 
(NASA): Remote Sensing of Earth Resources A 
Literature Survey with Indexes, NASA SP-7036, 
1970. 

Technology Application Center: Quarterly Literature 
Review of tlic Remote Sensing of Natural Resources, 
Institute for Social Research and Development, 
University of New Mexico, Albuquerque, N. Mcx. 

Telespa/io: Data Preprocessing Systems for Earth 
Resources Surveys, vol. S - Bibliography, 1973. 
Prepared for European Space Agency. 1 14 Avenue 
Charles dc Gaulle. 92-Neuilly, France. 


U-3 APPENDIX B 
SYMPOSIA AND CONFERENCES 


The following list liidudes the names of 
i)rgani/ations. coniaci poisons, and brief remarks on 
several re mol e-sensing conferences and that 

have been held on a regular basis in recent years. 

AIlK^rla Remote Sensing ('enter 
205 100 Avenue 
lidtm)iiton. Alberta T.5JO/6 
Canada 

l.nvinmmenlat Research hislilute 4if Michigan 
P.O. B.»\ 6lX 
Ann Arbor. Mich. 4X107 

l.aboiatnrv hu Applications of Remote Sensing. Purdue 
Cniveisity 
i::0Pollei Drive 
West I alavette. Ind. 470()(» 

Cniveisity •»! leniies^ee 
Sp.jce In^lirute 
i nllaliiMiia. Teim. .^7 iSX 


Inloriuation regarding proceedings that have been 
published from these conferences may he found in 
appendix A. 


<*al IL Urickcr, (tener;rl ('hairiuan. .Symposia held every 
IX rnonllis. Third ('atuulian Sympt'siiiin on Reimiie 
Sciishig held in September 1975. Emphasis on 
applications. 

Dr. Joiald J. ( ook. lOlh liilefiuitional Symposium on 
Remote Sensing of Imvirimmeni held in (Ktoher 
1 975. Remote sensing in general. 

Dr. ('. I). McGillcm. Poigiam Chairman. Sec<md 
Synip<»siiim mi Macliine Processing o| Remotely 
.Sensed Data held hi June |97>. I inpliasis on machine 
piocessing. 

Di. I*. Sluhtokhi. Eomih Animal KenuUe Sensing <4 
f aith Resonices Contetence held in Match 1975. 
Remote sensing in general. 


U-3 APPENDIX C 

REMOTE-SENSING SHORT COURSES 


Tlic iiilurmuiUm on courses regularly schcilulcd (table olTcring short courses on a regular basis, have prescnieil 
C-l) is inlended to be representative rather Iban short cmirscs in the past and arc prepared to do so in the 
exhaustive. Many reinole-sensing centers, wliilc not future when needed. 

TAIiLli C l. COURSI-S RIXJULARLY SC’HhDUUiD 


l.ocaU(m 

Comae! 



Details and emphasis 

Distrkt (if 
Cohnnbla 

Ralph Bernstein 
c/o Director, 

( ontiiuiiiig Education 
George Washington 
University 

Wasliini’fiin. HC. 2Q052 

Digital image processing: 3-day course 
was offered July 1975. Linphasison 
geometric and radiometric correction 
and computer configurations for image 
processing. 

iDiliutia 

D. B, Morrison 
I.ARS/Purdue University 
West Lafayette, lnd.47‘M)7 

Introductory course on fntidamciuals of 
remote sensing; offered first full week 
of every moiult; cnroltmeiu limited to 
1 5 \>cf course. Workshops empliasi/c 
machine processing. 

KatisuH 

Dr* Richard Moore 
Remote Sensing 
Laboratory 
University of Kansas 
Lawrence, Kans. Wi044 

Radar sliort courses have \ kxi \ offered 
in the past and will he in the future 
when need and demand dictate. Course 
notes are available for purcliasc. 

Micliiguti 

Dr, Jerald J. Cook 
Willow Run l,aboralories 
Lnvironmcntal Research 
Institute of Michigan 
P.O. Box hIS 
Ann Arbor, Mich. 4HI07 

Two courses on infrared are offered 
freipieuily hi summer in conjunction 
with suininer school. University of 
Michigan. 

Mississippi 

Dr. (iary W. North 
National Space 
IVclinology Lahotalorics 
ldU)S I’rogiani 
Bay St, 1 iMiis. Miss, ,lo520 

Various applications of t emote sensing. 
Twice each month. 4-day courses arc 
offered on a icipu?st basis. Limited 
to 1 2 participants. 

Oicpm 

Dr. Barry .Schrumpt 
l.nviromnental Remote 
Sensing Applications 
1 ahiMaloi y 

'hegim Stale Lniveisity 

( oj vaiiiS, Oieg. *'7.v'i 

Digital ptocessing ofl andsat data 
offered yearly: 2*day conise; 
participants limited to .10: cost Si 50 
f»iM pel son 


TADtr. Cl. ('(Hicliiduil 


bicalimi 

Cimiud 

IXnailsa id Ihnphasis 


Di . David 1*. Paine 
Sdund of Forest ly and 
Lxlcnsimi Service 
Oregon Slate University 
Corvallis. Oreg. 

Aerial photog *aphy remote-sensing 
short cours4' olTcrcd aniuially in March: 
limit 40-5 J; cost $100 per jrerson. 
Organizing aerial missions, photograph 
mens. (ration and multis:inipling.aiul 
introduction ti» hroaJer aspects of 
rjinotc sensing. 

Snutli Dakota 

Dr. Donald Luucr 
l£ROS Data Center 
Sioux Falls. S, Dak. 57198 

Remote sensing in general. Two courses 
ior international representatives will 
be offered annually, spring and fall, 
.Subsci|Ucntly. a course will he offered 
quarterly for anyone interested. 


Dr. Donald Moore 
Remote Sensing Institute 
South Dakota Slate 
University 

Brookings. S. Dak. 57007 

Piiotointerprctation especially, but 
all aspects of remote sensing covered: 
starts in |97(> initially for 
representatives of domestic and 
foreign governinetilal agencies: in 
conjunction with FROS Data Center. 
Training from 1 week to 1 year. 

Tcimcs!icc 

Dr. F. Shahrokhi 
The University ol‘ 
Tennessee 
Space Institute 
Tnllalioma, Tenn. 37.1H8 

Remote .ScMising in general. Courses have 
been offered on various aspects of 
remote sensing in tiic past and will 
he in the future upon demand. 

Washingtoit 

Dr. Frank Wcslerhmd 
Dept, of Ihhan Planning 
University ol' WasliingU»n 
410 Unildliall 
.Seattle. Wash. 9SI95 

"Re mole Sensing for Planners'* was 
offered May 1975:ailondancc limited 
lo .H>. 



